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(57) Abstract: A mono-diameter wellbore casing. The 
mono>diameter wellbore casing is formed by plastically 
deforming and radially expanding a first tubular member 
within a wellbore. A second tubular member is then 
plasticaDy deformed and radially expanded in overlapping 
relation to the first tubular member. The second tubular 
member and the overlapping portion of the first tubular 
member are then radially expanded again. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to the following co-pending applications: (1) U.S. patent 
application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
5 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 

10 U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791. 16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

15 provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 

20 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) 
U.S. provisional patent application serial no. 60/221,443, attorney docket no. 25791.45, 

25 filed on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial no. 
60/233,638, attorney docket no. 25791.47, filed on 9/181/2000, and (21) U.S. provisional 
patent application serial no. 60/237,334, filed on October 2, 2000. Applicants incorporate 
by reference the disclosures of these applications. 

30 . Background of the hivention 

This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 
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Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be instaUed in a lower 
= borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the iqjper interval. Thus, tiie casings are in a nested 
anangement with casing diameters decreasing in downward direction. Cement am.uli are 
provided between the outer surfaces of the casings and the borehole wall to seal the 
casings from the borehole wall. As a consequence of this nested anangement a relatively 
large borehole diameter is required at the upper part of the wellbore. Such a large 
borehole diameter involves increased costs due to heavy casing handling equipment. large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement pumping, cement hardening, required 
equipment changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming weUbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plasticaUy deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radiaUy expanding a secondportion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a ttAular member is providfed that includes a tubular 
.■^..^,r,w,; I... T. ^ r:.^.; rr..:,: . 

support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surfece. a removable amiular conical sleeve coupled to the outer 
30 conical surfece of the expansion cone, an amiular expansion cone launcher coupled to the 
corneal sleeve and a lower portion of the tubular member, and a shoe having a valveable 
passage coupled to an end of the expansion cone launcher. 
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According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the tubular 
5 member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 

10 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding tiie second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 

20 first outside diameter, means for plastically deforming and radially expanding another 

portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 

25 means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
outside diameter. 
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According to another aspect of the present invention, an ^paratus for fonning a 
weUbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to llie tubular support member 
having a second fluid passage fluidicly coTJ5)led to the first fluid passage and an outer 
conical surfece, a removable annular conical sleeve coupled to the outer conical surfece of 
the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially ejqjanding 
another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of fonnmg a mono- 
1 5 diameter weUbore casing within a weUbore is provided that includes supporting a first 
tubular member within the wellbore, plasticaUy deforming and radiaUy expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the first portion of the first tubular member, plasticaUy deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
25 According to another aspect of the present invention, an apparatus for coupling a 

first tubular member to a second tubular member is provided that includes means for 
yia^u^y ucxuiiimig auu xauiauy cxpanamg a nrst ponion oi me nrst mbuiar member to a 
first outside diameter, means for plasticaUy deforming and radiaUy expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
30 second tubular member inside the first tubular member in overlapping illation to the first 
portion of the first tubular member, means for plasticaUy deforming and radiaUy 
expanding tiie second tubular member to a third outside diameter, and 



)OCID:<WO 02053867A2 I > 



wo 02/053867 PCT/US02/00093 

means for plastically deforming and radially expanding the second tubular member to a • 
fourtii outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for plastically 
5 deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 

10 support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer corical sur&ce, an annular expansion cone laimcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second aimular portion 
coupled to the first annular portion that mates with the outer conical surface of the 

1 5 expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diamet^, and a fourth annular portion coiq>led to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth aimular portion 
of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically deforming aiid radially 
expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 

25 tubular member to a second tubular member is provided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second tubular 

30 member. The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of tiie present invention, an apparatus for coupling a 
fixst tubular member to a second tubular member is provided that includes means for 
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providing a lipped in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
Upped portion of the first tubular member, and means for plasticaUy deforming and 
radially ejqjanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for fonning a 
wellbore casmg within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore. means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular' ' 
member to a second outside diameta-. 

According to another aspect of the present invention, an ^paratus for forming a 
weUbore casing within a weUbore is provided that includes a tubular support member 
15 including a first fluid passage, an expansion cone coTq>led to the tubular support member 
having a second fluid passage fluidicly coupled to the fi,^ fluid passage and an outer 
conical suifece. an annular expansion cone launcher including: a first annular portion 
coupled to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical surface of the expansion cone, a 
20 third amiular portion coupled to the second annular portion having a first outside diameter, 
and a fourth annular portion coupled to the third amiular portion having a second outside ' 
diameter, wherein the second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to another aspect of the present invention, a method of fomiing a 
weUbore casing in a wellbore is provided that includes supportmg a tubular member 

...^ wx^c^x^, tIJIus » 'ilyy^ poxiiuu ill it poruun or me mouiar memoer, ana 

plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of fomiing a mono- 
diameter weUbore casing within a weUbore is provided that includes supporting a first 
tubular member within the wellbore, providing a Upped portion in a portion of the first 
tubular member, plastically deforming and radiaUy expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 

-6- 
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overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubxilar member. The inside diameters of 
the first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. 

5 According to anolher aspect of the present invention, an apparatus for forming a 

mono-diameter wellbore casing within a wellbore is provided that includes means for 
providing a lipped in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubiilar member inside the first tubular member in overlapping relation to the 
1 0 lipped portion of the first tubular member, and means for plastically deforming and 
radially expanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to anotiier aspect of the present invention, an apparatus for plastically 
1 5 deforming and radially expanding a tubular member is provided that includes means for 
plastically deforming and radially expanding a first end of the tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radiaUy expanding a tubular member is provided that includes a tubular 
20 support member including a first passage, an expansion cone coupled to the tubular 

support having a second passage fluidicly coupled to the first passage and an outer conical 
surface, an annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annidar expansion cone 
25 launcher having a valveable fluid passE^e, and another aimular expansion cone movably 
coupled to the tubular support member. The aimular expansion cones are positioned in 
opposite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
30 deforming and radially expanding a first end of the tubular member, and plastically 
deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes positioning the 

-7- ■ 

5NSDOCID: cWO__02053867A2_C> 



10 



wo 02/053867 

PCT/US02/00093 

second tubular member inside the first tubular member in an overlapping relationship, 
plastically deforming and radially expanding the end of the second tubular member that 
overlaps with the first tubular member, and plastically deformmg and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coi9>hng a 
first tubular member to a second tubular member is provided that includes means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plasticaUy deforming and radiaUy expanding the end of the second 
tubular member that overlaps with the first tubular member, and means for plastically 
deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for foimmg a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for plastically defoiming and radially expanding a first 
end of the tubular member, and means for plasticaUy deforming and radiaUy expanding a 
1 5 second end of the tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
weUbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluidicly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
launcher having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular stq,port member. The annular expansion cones are positioned in 
opposite orientations. 

Accordmg to another aspect of the present invention, a method of fomiing a 
..JJLl, — • 

radially expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of fonning a 
weUbore casing within a weUbore is provided that includes plastically defomiing and 
radially expanding a first tubular member within the wellbore, positioning a second tubular 
member inside the first tubular member in an overlapping relationship, plasticaUy 
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deforming and radially expanding the end of the second tubular member that overlaps with 
the first tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for fomiing a 
5 wellbore casing within a wellbore is provided that includes means for plastically 

defomiing and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and means for plastically 
10 deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
includes means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 
1 5 tubular member, and 

means for plastically deforming and radially e3q)anding the tubular member and the , 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an axial 
gap between opposing pairs of wellbore casing v^thin a wellbore is provided that includes 
20 supporting a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
defomiing and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

Accordmg to another aspect of the present invention, a method of forming a 
25 structure having desired strength characteristics is provided that includes providing a first 
tubular member, and plastically deforming and radially expanding additional tubular 
• members onto the interior surface of the ferst tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
30 wellbore casing within a wellbore having desired strengfli characteristics is provided that 
includes plastically deforming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additional tubular members 
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onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of tiie present invention, a method of coupling a first 
tubular member to a second tubular member, the first tiibular member having an original 
outside diameter ODo and an origmal wall thickness t„ is provided that mcludes plastically 
deforming and radiaUy expanding a first portion of tiie first tiibular member to a first 
outside diameter, plastically defomiing and radially expanding another portion of tiae first 
tiibular member to a second outside diameter, positioning the second tiibular member 
inside tiie first tiibular member m overlapping relation to tiie first portion of tiie first 
tiibular member, plastically deforming and radiaUy expanding tiie second tubular member 
to a tiiii-d outside diameter, and plastically defoiming and radially expanding tiie second 
tubular member to a fourth outside diameter. Hie inside diameters of tiie fi^t and second 
tubular members after tiie plastic defonnations and radial expansions are substantially 
equal, and tiie ratio of tiie original outside diameter ODo of tiie first tiibular member to tiie 
original wall tiiickness to of tiie first tiibular member is greater ihm or equal to 1 6. 

According to anotiier aspect of tiie present invention, a metiiod of fomiing a mono- 
diameter wellbore casing is provided tiiat includes positioning a first tubular member 
witiiin a wellbore, tiie first tubular member having an original outside diameter ODo and 
an original wall tiiickness to, plastically deforming and radially expanding a first portion of 
tiie first tiibular member 1o a first outside diameter, plastically defomiing and radially 
expanding anotiier portion of tiie first tubular member to a second outside diameter, 
positioning tiie second tabular member inside tiie first tubular member in overlappiiig 
relation to tiie first portion of tiie first tiibular member, plastically deforming and radially 
expanding tiie second tabular member to a tiiird outside diameter, and plastically 
deforming and radially expanding tiie second tabular member to a fourtii outside diameten 
IHe inside diameters of tiie first and second tabular members after tiie plastic deformations 
— '-r-i:!:-,-™ 'jiL^ : ^ : 

^ w*^w vj. Lxxw vxigxixai oixtdiiic^ diaijuclci 

ODo of tiie first tabular member to flie original wall tiiickness to of the first tabular member 
is greater than or equal to 16. 

According to anotiier aspect of tiie present invention, an apparatas is provided tiiat 
includes a plasticaUy deformed and radiaUy expanded tabular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
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diameter. The ratio of the original outside diameter ODo of the tirst tubular member to me 
original wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided that 
includes a plasticaUy deformed and radially expanded first tubular member having a first 
5 portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODq of the first tubular member to the original wall thickness t© of the first 
tubular member is greater than or equal to 16. 
10 According to another aspect of the present invention, a wellbore casing formed in a 

wellbore is provided tbat includes a plastically deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular member. 
1 5 The ratio of the original outside diameter ODq of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an apparatus is provided that 
includes a plastically deformed and radially expanded tubular member. Hie ratio of the 
original outside diameter ODq of the tubular member to the original wall thickness t© of the 
20 tubular member is greater than or equal to 16. 

Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
25 apparatus for radially expanding a tubular member into the wellbore of Fig. 1 a. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. lb. 

Fig. Id is a cross-sectioned illustration of the injection of hardenable flmdic sealing 
materials through the apparatus of Fig. Ic. 
30 Fig. le is a cross-sectional illustration of the pressurization of the region below the 

expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of tiie continued pressurisation of the region 
below the expansion cone of the apparatus of Fig. le. 
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Fig. Ig is a cross-sectional illuslxation of the continued pressurization of ite region 
below the expansion cone of the apparatus of Fig. If following the removal of the over- 
expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial expansion of 
5 the expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 
10 Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other ejqjandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

15 Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the weHbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
20 the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic sealing 
materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional iHustration of the pressurization of the region below the 
expansion cone of the apparatus of Fig. 2d. 
25 Fig. 2f is a cross-sectional illustration of the continued pressurization of the region 

below flie expansion cone of the apparatus of Fig. 2e. 

. i:; u j;;;;i;Gzuii iiiU5a»uoi* ^J^ Jic wumpicuuu ox uic lauuu cxpamsion oi 

the expandable tubular manber of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
30 wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional Ulustration of the radial expansion of another 
expandable tubular member that overlaps with tiie apparatus of Fig. 2h. 
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Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
e?q)ansion of the other expandable tubxilar member of Fig. 2j to form a mono-diameter 

5 wellbore casing. 

Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 
10 Fig. 4 is a cross-sectional illustration of an alternative embodiment of the apparatus 

of Fig. 2b including a resilient hook for retrieving the over-expansion insert. 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
1 5 wellbore casing in Ihe wellbore of Fig. 5a. 

Fig, 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the inflatable 
bladder of Fig. 5c. 

20 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing of Fig. 

5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the new section of wellbore casing of Fig. 
5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
25 wellbore casing that includes the new section of the wellbore casuig and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
30 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
radial expansion device into the new section of the wellbore casing of Fig. 6b. 
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Fig. 6d is a cross-sectional iUustration of the new section of wellbore casing of Fig. 

6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the fonnation of a mono-diameter 
weUbore casing that includes the new section of the weUbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illUation of the injection of fluidic materials through 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic sealing 
15 materials through the ^paratus of Fig. 7c. 

Fig. 7e is a cross-sectional illustmtion of the pressurization of the region below the 
expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cioss-sectional iUustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional iUustration of the completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the driUing out of a new section of the 
wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional Ulustration of the completion of the radial expansion of 
another expandable tubular member to form a mono-diameter weUbore casing. 

Fig. 8a is cn>ss-sectional mustr^on of an weUbore including a preexisting 

Fig. 8b is a cross-sectional Ulustration of the placement of an apparatus for radiaUy 
e35>anding a tubular member within the weUbore of Fig. 8a. 

Fig. 8c is a cross-sectional Ulustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
seaUng material through the apparatus of Fig. 8c. 



20 
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Fig. 8e is cross-sectional iUiistration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of Fig. 
5 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper ejqjansion cone 
from the wellbore of fig. 8£ 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 8g to thereby plzistically deform and 
10 radially expand the expansion cone launcher and expandable tubular member. 

Fig. 8i is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 
1 5 Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 

preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to the 
opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
20 expansion device into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 
expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by the 
actuation of the radial expansion device of Fig. 9d. 
25 Fig- 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 

includes a plurality of layers of radially expanded tubular members along at least a portion 
of the its length. 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing formed by 
/ plastically deforming and radially expanding a jBrst tubular member. 

30 Fig. 1 lb is a cross-sectional illustration of a wellbore including another casing 

coupled to the preexisting casing by plastically deforming and radially expanding a second 
tubular member. 
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Fig. 1 Ic is a cross-sectional iUusHation of a mono-diameter weUbore casing 
formed by radially expanding the second tubular member a second time. 
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Detailed Description 
Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
5 structural supports. Furthermore, while the present illustrative embodiments are described 
with reference to the formation of mono-diameter wellbore casings, the teachings of the 
present disclosure have general appUcation to the formation or repair of wellbore casings, 
pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 1 0 includes a preexisting wellbore casing 

10 15. The wellbore 10 may be oriented in any orientation from the vertical to the horizontal. 
The preexisting wellbore casing 1 5 may be coupled to the upper portion of the wellbore 1 0 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 1 5 is coupled to the upper portion of the wellbore 1 0 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 

15 application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attomey docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey 
docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 

20 09/523,460, attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

application serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey 

25 docket no. 25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attomey docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 

30 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent apphcation serial no. 60/159,039, attomey docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
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^ attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 



provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent appUcation serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent appUcation serial no. 

^ ' attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent appUcation serial no. , attorney docket no. 25791 47 

filed on 9/18/2000. the disclosures of which are incoTx,rated herein by reference. Mor^ 
generally, the preexisting weUbore casing 1 5 may be coupled to another preexisting 
weUbore casing and/or may include one or more concentrically positioned tubular 
10 members. 

Referring to Fig. 1 b, an apparatus 1 00 for radiaUy expanding a tubular member 
maythen be positioned within the weUbore 10. Theapparatus 100 includes a tubular 
support member 105 defining apassage 110 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical smfece 125 for 
15 radiaUy expanding tubular members is coupled to an end of the ttibular support member 
105. An annular conical overlexpansion sleeve 130 mates with and is removably coupled 
to the outer conical surface 125 of the expansion cone 1 15. In several alternative 
embodiments, the over-expansion sleeve 130 is fabricated fi-om frangible materials such 
as. for example, ceramic materials, in order to faciUtate the removal of the over-expansion 
20 sleeve during operation ofthe apparatus 100. In this manner, the amount of radial 

expansion provided by the apparatus may be decreased foUowing the removal of the over- 
expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. The e^ansion cone launcher 135 
25 mclude an upper portion having an upper outer diameter, an intermediate portion that 

mates with the expansion cone 1 15 and the over-expansion sleeve 130, an a lower portion 
z:^^^ a ;™ ouior dl^^., ^^^^ ^^^^^ ^ ^pp^^ ^^^^ 

diameter. A shoe 140 defining a valveable passage 145 is coupled to the lower portion of 
the expansion cone launcher 135. M a preferred embodiment, the valveable passage 145 
30 maybe controUably closed in order to fluidicly isolate aregion 150 belowthe expansion 
cone 1 1 5 and bounded by the lower portion of the expansion cone launcher 135 and the 
shoe 140 from the region outside of the ^paratus 100. 
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An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 1 35. One or more sealing members 1 60a and 1 60b are coupled 
to the exterior of the upper portion of the expandable tubular member 155. In several 
alternative embodiments, the sealing members 160a and 160b may include elastomeric 
5 elements aiid/or metallic elements and/or composite elements. In several alternative 

embodiments, one or more anchoring elements may substituted for, or used in addition to, 
the sealing members 160a and 160b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, tiie 
ejqpansion cone launcher 135, the shoe 140, and the expandable tubular member 155 are 
10 provided substantially as disclosed in one or more of the following: (1) U.S. patent 

application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
1 5 docket no. 25791.9.02, filed on 1 1/15/1 999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patKQt application sraial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
20 25791 .1 7.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent appUcation serial no. 
•PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1 999, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney docket 
25 no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attomey docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

30 , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attomey 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent appUcation serial no. 
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, attorney docket no. 2579].4«, filed on 7/28/2000, and (20) U S 

provisional patent appUeation serial no. , ^t.^^^ ^ 

filed on 9/1 8/2000. 4e discIosu„s of ^ch are inco,po«ted herein by reference ' 

AstUustratedinFig. lb, in a prefered embodiment, dming placement of the 
appara*. 100 within the weUbore 10. fluidie materials 165 within the wellb^e lOare 

conveyed tough the app-aft^ 100 ti^^gh the paasagesno, 120 and MStoalocation 
above the apparatus 100. In this manner, surge pressors during placement of the 

appamus 100 within .he wellbore 10 are reduced. In a p,.fe,red embodiment the 

apparatos.OOisinitiallypositionedwithinthewelWlOsuchftatthetoppordc^offl. 

mbular member 155 overlaps with theprecxisting casing 15. In this manner, theupper 
portion of the expandable tubular member 155 may be tadially expanded into contact wifl. 

■ andeoupledtothepreexistingcasinglS. As will be reco^dzed by persons having 
or toary sHl in the ar^ the precise initial position of the expandable tubular member 155 
wJl vary as a function of amount of radial expansion, .he amoum of axial shrinkage 
dunng radial expansion, and the material pi^es of the expandable tubular member 
As iUustrated to Fig, ic. a fluidie materia] 170 may Aen he mjected tough the 

Warah. 100 tough fl,e passages 110. HO. and 145 in order to test the p„>per operation 

Of these passages. 

^'""*»^inFig.Id.ahardenablefluidicsealingmatrtall75maythenbe 
mjected tough the appa^us 100 tough the passages 110. 120 and 145 into the am^ulus 
be^veen the apparatus and the wellbore 1 0. In this mamaer. an annular barter U, fluid 
migration mto and out of the wellbore 1 0 may be formed around the radially expanded 
expansion cone launcher 135 and expandable tubular member 155. Tb. hardenable fluidie 
seahng material may include, for example, a cement mixture, to several alternative 
embodiments, the injection of the hardenable fluidie sealing material 175 may be omitted 
In several alten^uve embodiments, the ha«)enaWe fluidie sealingmaterial 175 is 

^ZZ. '^'^ . 1. ? . ^ 

AsiltasteatedinFig. le. a non-hardenable fluidie mafcaial 180 may then be 

mj«=ted mto the apparatotough^epassagesllOand 120 AbaUplugl85.or other 
smnlar device, maythen be injected with the fluidie material 1 80 to thereby seal offthe 
pa^c 145. Influsn»ner.ti.eregion 1 50 may be pressurized by the contmued injection 
of the flmdic material 180 into the apparatus 100. 
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As illustrated in Fig. If, the continued injection of the fluidic material 1 80 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular member 
155 to be plastically deformed and radially e>qpanded off of the over-expansion sleeve 130. 
In this manner, the expansion cone 115 and over-expansion sleeve 130 are displaced 
5 relative to the expansion cone launcher 135 and expandable tubular member 1 55 in the 
axial direction. 

After a predetermined time period and/or after a predetermined axial displacement 
of the expansion cone 115 relative to the expansion cone launcher 135 and expandable 
tubular member 155, the over-expansion sleeve 130 may be removed from the outer 

1 0 conical surface 125 of the expansion cone 1 1 5 by the application of a predetermined 

upward shock load to the support member 105. In a preferred embodiment, the shock load 
causes the frangible over-expansion sleeve 130 to fracture into small pieces that are then 
forced off of the outer conical surface 125 of the expansion cone 1 15 by the continued 
pressmization of the region 1 50. In a preferred embodiment, the pieces of the over- 

1 5 expansion sleeve 1 30 are pulverized into grains of material by the continued pressxirization 
ofthe region 150. 

Referring to Fig. Ig, following the removal of the frangible over-e3q)ansion sleeve 
130, the continued pressurization of the region 150 causes the expandable tubular member 
1 55 to be plastically deformed and radially expanded and extmded off of the outer conical 

20 surface 125 of the expansion cone 115. Note that the amoxmt of radial expansion provided 
by the outer conical surface 125 of expansion cone 1 15 is less, than the amount of radial 
expansion provided by the combination of the over-expansion sleeve 130 and the 
expansion cone 1 15. In this maimer, as illustrated in Fig. Ih, a recess 185 is formed in the 
radially expanded tubular member 1 55. 

25 After completing the plastic deformation and radial expansion of the tubular 

member 155, the hardenable fluidic sealing material is allowed to cure to thereby form an 
aimular body 1 90 that provides a barrier to fluid flow into or out of the wellbore 1 0. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 1 0 may also be drilled out in 

30 order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 155. 

Refening to Fig. Ij, a tubular member 200 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
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tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 200 overlaps with and mates with the recessed portion 1 85 of the tubular 
member 155. In a preferred embodiment, one or more sealing members 205 are coupled to 
the exterior surface of the upper portion of the tubular member 200. In a preferred 
5 embodiment, the sealing members 205 seal the interface between the upper portion of the 
tubular member 200 and the recessed portion 1 85 of the tubular member 1 55. In several 
alternative embodiments, the sealing members 205 may include elastomeric elements 
and/or metaUic elements and'or composite elements. In several alternative embodiments, 
one or moTo anchoring elements may substituted for, or used in addition to, the seaHng ' 
10 members205. ^ preferred embodiment, an annular body 210 of a hardenable fluidic 
sealing material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the amiular body 210 is formed using one or more of the ^paratus 
15 and methods disclosed in the following: (1) U.S. patent application serial no. 09/454 139 
attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appHcation serial no' 
09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000, (3) US. patent application 
senal no. 09/502,350. attorney docket no. 25791.8.02, filed on 2/1 0/2000, (4) US patent 
apphcation serial no. 09/440.338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
20 US. patent application serial no. 09/523,460. attorney docket no. 25791.1 1.02. filed on 
3/10/2000, (6) US. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent apphcation serial no. 09/511,941. attomey 
docket no. 25791. 16.02, filed on 2/24/2000, (8) US. patent apphcation serial no. 
09/588,946, attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent apphcation 
senal no. 09/559.122. attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent apphcation serial no. PCT/USOO/1 8635, attomey docket no. 25791.25.02, filed on 

no. 25791.27. filed on 1 1/1/1999. (12) US. provisional patent apphcation serial no 
60/154,047, attomey docket no. 25791.29. filed on 9/16/1999. (13) US. provisional patent 
30 apphcation serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
US. provisional patent apphcation serial no. 60/1 59,039, attomey docket no. 25791 36 
filedon 10/12/1999, d 5) US. provisional patent application serial no. 60/159,033 
attomey docket no. 25791.37, filed on 10/12/1999, (16) US. provisional patent aM>Ucation 

-22- 



25 



5C5aD:<WO 020S3867A2 I > 



wo 02/053867 PCT/US02/00093 

serial no. • , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

5 , , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, tiie disclosures of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the amular body 210 may be radially compressed before, during 
10 and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11, a 
1 5 mono-diameter wellbore casing may be formed. In a preferred embodiment, during the 
displacement of the expansion cone 215 in the downward direction, fluidic materials 
displaced by the expansion cone are conveyed out of the wellbore by an internal passage 
220a defined vdthin flie support member 220. 

Referring to Figs, 2a and 2b, in an altemative embodiment, an apparatus 300 for 
20 radially expanding a tubular member may then be positioned within the wellbore 1 0. The 
apparatus 300 includes a tubular support member 305 defining a passage 3 10 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and having an 
outer conical surface 325 for radially expanding tubular members is coupled to an end of 
the tubular support member 305. An annular conical over-expansion insert 330 mates with 
25 and is removably coupled to the outer conical surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 335 
includes an upper portion having an upper outer diameter, an intermediate portion that 
mates with the expansion cone 315 and the over-expansion insert 330, an a lower portion 
30 having a lower outer diameter. The lower outer diameter is greater than the upper outer 
diameter. A shoe 340 defining a valveable passage 345 is coupled to the lower portion of 
the expansion cone launcher 335. In a preferred embodiment, the valveable passage 345 
may be controllably closed in order to fluidicly isolate a region 350 below the expansion 
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cone 315 and bounded by the lower portion of the expansion cone launcher 335 and the 
shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3. the over-expansion insert 330 
includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that are 
5 positioned between the outer conical surface 325 of the expansion cone 3 15 and the imier 
surface of the intermediate portion of the expansion cone launcher 335. In this manner 
the relative axial displacement of the expansion cone 3 15 and the expansion cone launJher 
335 will cause flie expansion cone to over-expand the intennediate portion of the 
expansion cone launcher. In this mamaer, a recess may be formed in the radially expanded 
10 expansion cone launcher 335. In several alternative embodiments, the inserts 330a, 330b 
330c. and 330d fall out of the recess and/or are removed from the recess using a 
conventional retrieval tool upon the completion of the radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes intermediate resiUent members 33 la, 33 lb, 33 Ic, and 33 Id for 
15 resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the x^al direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are coupled 
to the exterior of the upper portion of the expandable tubular member 355. In several 
alternative embodiments, the sealing members 360a and 360b may include elastomeric 
elements and/or metaUic elements and/or composite elements. In several alternative 
embodiments, one or more anchoring elements may substituted for, or used in addition to, 
25 the sealing members 360a and 360b. 

m aprefeired embodiment, the support member 305, the expansion cone 315, the 

l«-.»^l._o2r- - t til.,, 

provided substantially as disclosed in one or more of the foUowing: (1) U.S. patent 
appHcation serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 12/3/1999 (2) 
30 U.S. patent appHcation serial no. 09/510.913, attorney docket no. 25791.7.02. filed on' 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no 
25791.8.02, fUed on 2/10/2000, (4) U.S. patent application serial no. 09/440^38. attorney 
docket no. 25791 .9.02, filed on 1 1/1 5/1999, (5) U.S. patent appHcation serial no. 
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09/523,460, attorney docket no. 25791.1 L02, jBled on 3/10/2000, (6) U.S. patent 
application serial no. 09/5 12,895, attorney docket no. 2579 1 . 12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, laied on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
5 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 
PCT/USOO/1 8635, attorney docket no. 2579L25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
10 no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

15 ' attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (1 8) U.S. provisional patent application serial no. , attorney 

docket no. 25791 .45, filed on 7/28/2000, (1 9) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

20 provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 1 0, fluidic materials 365 within the wellbore 1 0 are 
conveyed through the apparatus 300 through the passages 310, 320 and 345 to a location 
25 above the apparatus 300. In this manner, surge pressxires during placement of the 
apparatus 300 within the wellbore 1 0 are reduced. In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of the 
tubular member 355 overlaps with the preexisting casing 15. In this manner, the upper 
portion of the expandable tubular member 355 may be radially expanded into contact with 
30 and coupled to the preexisting casing 15. As wUl be recognized by persons having 

ordinary skill in the art, the precise initial position of the e^qpandable tubular member 355 
will vary as a fianction of the amount of radial expansion, the amoxmt of axial shrinkage 
during radial expansion^ and the material properties of the expandable tubular member. 
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As mustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 310, 320, and 345 in order to test the proper operation 

of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 
injected Ihrough flie apparatus 300 through the passages 310, 320 and 345 into the annulus 
between the apparatus and the weUbore 10. M this mamier, an annular barrier to fluid 
migration into and out of the wellbore 10 may be formed around the radiaUy expanded 
e^ansion cone launcher 335 and expandable tubular member 355. n.e hardenable fluidic 
sealing material may include, for example, a cement mixture, hi several alternative 
embodiments, the injection of the hardenable fluidic sealing material 375 may be omitted 
hi several alternative embodhnents, the hardenable fluidic sealmg material 375 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e. a non-haidenable fluidic material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or other 
similar device, may then be injected with the fluidic material 380 to thereby sell off the 
passage 345. hi this manner, the region 350 may be pressurized by the continued injection 
of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f. the continued injection of the fluidic material 380 into the 
^paratus 300 causes the expansion cone launcher 335 to be plasticaUy deformed and 
20 radiallyexpandedoffoftheover-expansioninsert330. hi this manner, the expansion cone 
315 is displaced relative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion msert 
330, the radial expansion of the expansion cone launcher 335 and expandable tubular 
member 355 is provided solely by the outer conical surfece 325 of the expansion cone 315 
Note that the amount of radial expansion provided by the outer conical surface 325 of 
w^i«^:„„ :iJ i,,, ^ ^^^^ expansion proviaea oy me 

combination of the over-expansion insert 330 and the expansion cone 3 15. hi this manner 
as lUustrated in Fig. 2g. a recess 390 is fomied in the radially e^anded tubular member 
30 355. 

In several alternative embodhnents, the over-eiq>ansion msert 330 is removed fo,m 
the recess 390 by falhng out and/or removal usmg a conventional retrieval tool hi an 
alternative embodiment, the resilient force provided by the rasihent members 33 1 a, 33 1 b.. 
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331c, and 33 Id cause the insert 330 to collapse in the radial direction and thereby fall out 
of the recess 390. In an alternative embodiment, as illustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coupled to the bottom of tlie expansion cone 315 for 
retrieving the over-expansion insert 330 during or after the completion of the radial 
5 expansion process. 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe using 
10 a conventional drillmg device. A new section of the wellbore 1 0 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Referring to Fig. 2i, a tubular member 405 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
1 5 tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubxilar member 405 overlaps wifli and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of Hie upper portion of the tubular member 405. In a preferred 
embodiment, the sealing members 410 seal the interface between the upper portion of the 
20 tubular member 405 and the recessed portion 390 of the tubular member 355. In several 
alternative embodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 
members 410, In a preferred embodiment, an annular body 4 1 5 of a hardenable fluidic 
25 sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no. 09/454,139, 
30 attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent apphcation serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
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U.S. patent application serial no. 09/523.460, attorney docket no. 25791 .1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941. attorney 
docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 
5 09/588,946, attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent appHcation 
serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCX 
patent ^plication serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
10 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent ^plication serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent ^Ucation 

15 senal no. , attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999. (1 8) U.S. provisional patent appUcation serial no. , attorney 

docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent plication serial no. 

. , attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

20 provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, during 
and/or after curing. 

Refeiring to Fig, 2j, an expansion cone 420 may tben be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 

members 355 and 405 are substantially equal In this manner, as iUustrated in Fig. 2k, a 
mono-diameter wellbore casing may be formed. In a preferred embodiment, during the 
30 displacement of the expansion cone 420 in the downward direction, fluidic materials 
displaced by the expansion cone are conveyed out of the weUbore by an internal passage 
425a defined wittun the support member 425. 
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Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An annular body of a fluidic sealing material 510 may also be formed around the 
5 tubular member 500 using any number of conventional methods. In a preferred 

embodiment, the tubular member 500 is plastically deformed and radially expanded and 
the aimular body 5 10 is formed using one or more of the methods and apparatus disclosed 
in one or more of the folloAving: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
10 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
U.S. patent application serial no. 09/523^460, attomey docket no. 25791. 11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
1 5 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attomey 
docket no. 25791,16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 
20 7/9/2000, (11) U.S. provisional patent application serial no. 60/1 62,671 , attomey docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attomey docket no. 25791 .36, 
25 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attomey 

30 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 2579 1 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. ^ attomey docket no. 25791.47, 

filed on 9/18/2000, tiie disclosures of which are incorporated herein by reference. 
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In several alternative embodiments, the annular body 510 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating pressure to 
5 plasticaUy deform and radiaUy expand a portion of the tubular member to thereby form a 
recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 5 1 5 may then be removed and 
the shoe 505 drilled out using a conventional driUing device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
10 deformed and radiaUy expanded in a conventional mamier and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter weUbore 
casing. Before, during or after the radial expansion of the tabular member 525. an annular 
body 530 of a fluidic sealing material may be formed around the tubular member in a 
conventional manner and/or by using one or more of the methods and apparatus described 
15 above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled to 
the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 
Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 

20 having a shoe 605 may be plastically deformed and radially expanded and thereby coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An amiular body of a fluidic sealing material 610 may also be formed around the 
tubular member 600 using any number of conventional methods. In a preferred 
embodiment, the tubular member 600 is plasticaUy deformed and radially expanded and 

25 the annular body 61 0 is formed using one or more of the methods and apparatus disclosed 
in one or more of the foUowing: (1) U.S. patent appUcation serial no. 09/454,139, attorney 

09/510,913, attorney docket no. 25791.7.02, filed on 2^3/2000, (3) U.S. patent application 
serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent 
30 application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) 
U.S. patent appUcation serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent appUcation serial no. 09/512,895, attorney docket nl. 
25791. 12.02, filed on 2/24/2000, (7) U.S. patent appUcation serial no. 09/51 1,941. attorney 
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docket no. 25791.1 6.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
5 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 

10 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

15 docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or may 

20 be compressible before, diiring, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may then 
be positioned within the tabular member 600 and operated in a conventional manner apply 
a radial force to the interior surface of the tubular member 600 to plastically deform and 
radially expand a portion of the tubular member to fliereby fomi a recess 620 in the tubular 

25 member. As will be recognized by persons having ordinary skill in the art, a roller 

expansion device typically utilizes one or more rollers that, through rotation of the device, 
apply a radial force to the interior surfaces of a tubular member. In several altemative 
embodiments, tiie roller expansion device 615 may include eccentric rollers such as, for 
example, as disclosed in U.S. Pat. Nos. 5,014,779 and 5,083,608, the disclosures of which 

30 are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the. roller expansion device 615 may then be removed 
and the shoe 605 drilled out using a conventional drilling device. 
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Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 625. an annular 
body 630 of a fluidic sealing material may be formed around the tubular member in a 
conventional manner and/or by using one or more of the methods and apparatus described 
above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion process 
to be performed during the radial expansion process implemented using the expansion 
cone. 

Refening initiaUy to Fig. 7a, a wellbore 1 0 includes a preexisting weUbore casing 
1 5. The wellbore 1 0 may be oriented in any orientation from the vertical to the horizontal. 
TTie preexisting wellbore casing 15 may be coupled to the upper portion of the wellbore 10 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 15iscoupledt(itheupperportionofthe weUbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 
application serial no. 09/454.139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent appUcation serial no. 09/510.913. attorney docket no. 25791 .7.02, filed on 
20 2/23/2000, (3) U.S. patent appUcation serial no. 09/502,350. attorney docket no. 

25791.8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial no. 09/440,338, attorney 
docket no. 25791.9.02. filed on 1 1/15/1999, (5) US. patent appUcation serial no. 
09/523,460. attorney docket no. 25791 .1 1.02, filed on 3/10/2000. (6) U.S. patent 
appUcation serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent appUcation serial no. 09/588.946, attorney docket no. 

docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent appUcation serial no. ' 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
30 provisional patent appUcation serial no. 60/162,671. attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent appUcation serial no. 60/154.047, attorney docket 
no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional 
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patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appUcation serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

5 provisional patent application serial no. 60/1 65,228, attorney docket no. 2579 1 .3 9, filed on 

1 1/12/1 999, (1 8) U.S. provisional patent application serial no. _, attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

10 filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. More 
generally, the preexisting wellbore casing 15 may be coupled to another preexisting 
wellbore casing and/or may include one or more concentrically positioned tubular 
members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
1 5 may then be positioned within the wellbore 1 0. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
radially expanding tubular members is coupled to an end of the tubular support member 
705. 

An expansion cone latmcher 735 is movably coupled to and supported by the 
expansion cone 715, The expansion cone launcher 735 includes an upper portion 735a 
having an upper outer diameter, an intermediate portion 735b that mates with the 
expansion cone 715, and a lower portion 735c having a lower outer diameter. The lower 
outer diameter is greater than the upper outer diameter. The e3q)ansion cone launcher 735 
further includes a recessed portion 73 5d having an outer diameter that is less than the 
lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of the 
expansion cone launcher 735. In a preferred embodiment, tihe valveable passage 745 may 
be controllably closed in order to fluidicly isolate a region 750 below the expansion cone 
715 and bounded by the lower portion 735c of the expansion cone launcher 735 and the 
shoe 740 fi:om the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
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coupled to Hie exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 

elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for. or used in 
5 addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, the 
expansion cone launcher 735, the shoe 740, and the expandable tubular member 755 are 
provided substantiaUy as disclosed in one or more of the following: (1) U.S. patent 
application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
10 U.S. patent apphcation serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial no. 09/440,338. attorney 
docket no. 25791 .9.02, filed on 1 1/1 5/1999, (5) U.S. patent appUcation serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
15 appUcation serial no. 09/512,895. attorney docket no. 25791.12.02. filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1.941, attorney docket no. 25791.16.02. filed on 
2/24/2000. (8) U.S. patent appUcation serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent appUcation serial no. 09/559,122, attorney 
docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent appUcation serial no. 
20 PCT/USOO/1 8635. attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. 

provisional patent appUcation serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791 .29, filed on 9/16/1999. (13) U.S. provisional patent appUcation serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
25 patent appUcation serial no. 60/159,039, attorney docket no. 25791 .36, filed on 

10/12/1999, (15) U.S. provisional patent appUcation serial no. 60/159,033, attorney docket 

: , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/1 65,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1 999, (1 8) U.S. provisional patent appUcation serial no. , attorney 

docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent appUcation serial no. 
, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 



-34- 



wo 02/053867 PCT/US02/00093 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 are 
5 conveyed through the apparatus 700 through the passages 710, 720 and 745 to a location 
above the apparatus 700. In this manner, surge pressures during placement of the 
apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 700 is initially positioned within the wellbore 1 0 such that the top portion of the 
tubular member 755 overlaps with the preexisting casing 15. In this manner, the upper 

10 portion of the expandable tubular member 755 may be radially expanded into contact with 
and coupled to the preexisting casing 1 5. As will be recognized by persons having 
ordinary skill in the art, the precise initial position of the expandable tubular member 755 
will vary as a function of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 

15 As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 

apparatus 700 through the passages 710, 720, and 745 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the aimulus 

20 between the apparatus and the wellbore 10. In this manner, an annular barrier to fluid 
migration into and out of the wellbore 1 0 may be formed around the radially expanded 
expansion cone launcher 735 and expandable tubular member 755. The hardenable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
embodiments, the injection of the hardenable fluidic sealing material 775 may be omitted. 

25 In several alternative embodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the cxiring process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or other 
similar device, may then be injected with the fluidic material 780 to thereby seal off the 

30 passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fliddic material 780 
into the apparatus 700 causes the e^qjansion cone laimcher 735 and expandable tubular 
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member 755 to be plasticaUy defonned and radiaUy expanded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
5 annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h. the shoe 740 may then removed by driUing out the shoe using 
a conventional drilling device. A new section of the weUbore 1 0 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically defonned and radiaUy expanded tubular member 755. 
1 0 Referring to Fig. 7i, an additional tubular member 800 may then be plasticaUy 

defomied and radiaUy expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial eqiansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material may be formed around the tubular member in a 
1 5 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the lip 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 may be easily cotipled onto. 

Referring to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 
20 preexisting section of wellbore casing 15 and 900. The weDbore casing 900 includes 
sealing members 905a and 905b and a recess 91 0. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and atmular 
body 91 5 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following: (1) 
25 U.S. patent appUcation serial no. 09/454.139. attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) US. patent appHcation serial no. 09/510,913, attorney docket no. 
-iJ /Vi./.u^, iiXi^^j.^^ZZ, (Lj U.3. sciiai ukj. u^/.juz,jou, attorney 

docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
30 appUcation serial no. 09/523.460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) 
U.S. patent appUcation serial no. 09/512,895, attorney docket no. 25791.1202, filed on 
2/24/2000, (7) U.S. patent appUcation serial no. 09/51 1,941, attorney docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent appUcation serial no. 09/588.946, attorney 
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docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent 
application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
5 no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
10 attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. ^ attorney 

docket no. 25191 AS, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

1 5 , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1 000 for radially expanding a tubular member is 
then positioned witiiin the wellbore 10 that includes a tubular support member 1005 that 

20 defines a passage 1010 for conveying fluidic materials, A hydraulic locking device 1015 
that defines a passage 1020 for conveying flxxidic materials that is fluidicly coupled to the 
passage 1010. The locking device 1015 fiirther includes inlet passages, 1020a and 1020b, 
actuating chambers, 1025a and 1025b, and locking members, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 1025a and 1025b, 

25 causes the locking members, 1030a and 1030b, to be displaced outwardly in tiie radial 
direction. In this manner, the locking device 1015 may be controllably coupled to a 
tubular member to thereby maintain the tubular member in a substantially stationary 
position. As will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, and 

30 locking members 1 030 will determine the maximum amount of holding force provided by 
the locking device 1015. In several alternative embodiments, fluidic materials may be 
injected mto the locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several altemative embodiments, the locking 
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device 1015 may be omitted and the tubular support member 1005 coupled directly to the 
tubular support ruember 1035. 

One end of a tubular support member 1035 that defines apassage 1040 is coupled 
to the locking device 1015. ITae passage 1040 is fluidicly coupled to the passage 1020 
5 An expansion cone 1045 that defines apassage 1050 and includes an outer conical surface 
1055 IS coupled to another end of the tubular support member 1035. An expansion cone 

launcher 1060ismovablycoupledtoandsupportedby1heexpansioncone 1045 Tho 
expansion cone launcher 1060 includes an upper portion 1060ahaving an upper outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045 and a 

10 Wrportionl060chavingaloweroutsidediameter. The lower outside diamete^ is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower portion 
1060c of the expansion cone launcher 1060. In this mamier. a region 1075 below the 
expansion cone 1045 and bounded by the expansion cone launcher 1060 and the shoe 1065 

15 --yb^P-ssurizedandfluidiclyisolatedfromtheannularregionbetweentheapparatus 
1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one ormore sealing 
members are coupled to the exterior of the upper portion of the expandable tubular 
20 memberl080. 1^ several alternative embodiments, the sealing members may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or moxe anchoring elements may substituted for, or used in 
addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular support 
25 member 1005 includes an outer conical surface 1095. A tubular support member 1 100 
defimngapassage 1105 for receiving the tubular support member 1005 is coupled to the 

m apreferred embodiment, the support members 1005 and 1035, the expansion 
cone 1045. the expansion cone launcher 1060, the shoe 1065, and lie expandable tubular 
30 member 1080 are provided substantiaUy as disclosed in one or more of the foUowing- (1) 
U.S. patent application serial no. 09/454, 1 39. attorney docket no. 25791 .03.02. filed on 
12/3/1999, (2) U.S. patent appUcation serial no. 09/510.913. attorney docket no 
25791.7.02. filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, attorney 
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docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 2579 1 . 1 1 .02, filed on 3/1 0/2000, (6) 
U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
5 2/24/2000, (7) U.S. patent application serial no. 09/5 1 1 ,941 , attorney docket no. 

25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney 
docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent appUcation serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
^plication serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
10 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
15 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

20 docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, tiie disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodimait, during placement of the 
25 apparatus 1 000 within the wellbore 1 0, fluidic materials 1110 within the wellbore 1 0 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 1070 to a 
location above the apparatus 1000. In this manner, surge pressures during placement of 
the apparatus 1000 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 1000 is initially positioned within the wellbore 10 such that the top portion of 
30 the tubular member 1080 overlaps with the recess 9 1 0 of the preexisting casing 900. In 
this manner, the upper portion of the expandable tubular member 1080 may be radially 
expanded into contact with and coupled to the recess 910 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1 1 15 may then be injected through the 
apparatus 1000 through the passages 1010. 1020. 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010. 1020. 1040. and 1070 into 
the amiulus between the apparatus and the weUbore 1 0. In this manner, an annular barrier 
to fluid migration into and out of the weUbore 10 may be formed around the radially 
expanded expansion cone launcher 1060 and expandable tubular member 1080. Tbe 
hardenable fluidic sealing material may include, for example, a cement mixture. In several 
alternative embodiments, the injection of the hardenable fluidic sealing material 1 120 may 
be omitted. In several alternative embodiments, the hardenable fluidic sealing material 
1 120 is compressible, before, during and/or after, the curing process. 

As iUustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010. 1020 and 1040. AbaUplug 
1 1 30, or other similar device, may then be injected wiUi the fluidic material 1 125 to 
thereby seal off the passage 1070. In this mamier. the region 1075 may be pressurized by 
the continued injection of the fluidic material 1125 into the apparatus 1000. Furthermore, 
in this manner, the actuating chambers, 1025a and 1025b, of the locking device 1015 may 
be pressurized. In this mamier, the tubular member 1 080 may be held in a substantially 
20 . stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1 085 may then be actuated in the 
downward direction by a direct apphcation of axial force using the stq,port member 1 100 
and/or through the appHcation of fluid force. The axial displacement of the expansion 
cone 1085 may plastically deform and radially expand the upper portion of the expandable 
tubularmember 1080. In this manner, the upper portion ofthe expandable tubular 
member 1080 may be precisely coupled to the recess 910 ofthe preexisting casing 900. 



15 



25 



1015 preferablyprevents axial displacement Ofthe tubularmember 1080. Inapreferred 
embodiment, the locking member 1015 is positioned proximate the upper portion ofthe 
30 tubularmember 1080 in order to prevent buckling ofthe tubular member lOSOduringthe 
radial expansion of the upper portion ofthe tubular member, hi an alternative 
embodiment, the locking member 1 015 is omitted and the interference between the 
intermediate portion 1060b ofthe expansion cone launcher 1060 and the expansion cone 
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1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the uppa: portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1 085 and 1 100 may then be raised out 
of the wellbore 10. 

5 As illustrated in Fig. 8h, the continued injection of the fluidic material 1 125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the expandable 
tubular member 1080 to be plastically deformed and radially expanded off of the 
expansion cone 1045. In this manner, the expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial direction. 
10 In a preferred embodiment, the axial forces created during the radial expansion process are 
greater than the axial forces generated by the locking device 1015. As will be recognized 
by persons having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the operating characteristics of the locking device 1015 
and the metallurgical properties of the expansion cone launcher 1060 and expandable 
1 5 tubular 1 080. In an alternative embodiment, the operating pressures of the actuating 

chambers, 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is allowed 

20 to cure to thereby forai an annular body 1130 that provides a barrier to fluid flow into or 
out of the wellbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
conventional drilling device, A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 1080. 

25 In an alternative embodiment, the annular body 1 130 may be omitted. In several 

alternative embodiments, the annular body 1130 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter wellbore 

30 casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may fiirther include 
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outer annular layers of fluidic sealing materials such as, for example, cement ITie ends of 
the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b. a tubular member 1220 may then be coupled to the opposing 
ends of the casings, 1205 and 1210, to thereby bridge Ihe gap 1215. Inapreferxed 
5 embodiment, ihe tubular member 1220 is coupled to the opposing ends of the casings, 
1205 and 1210. by plastically deforming and radially expanding the tubular member 1220 
using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within 
the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
10 device 1225 is greater than or equal to the axial length of the tubular member 1220. In 
several alternative embodiments, the radial expansion device 1225 may be any number of 
conventional radial expansion devices such as, for example, expansion cones actuated by 
hydrauhc and/or direct axial force, roller expansion devices, and/or expandable hydraulic 
bladders. 

Referring to Figs. 9d and 9e. after actuation and subsequent de-actuation and 
removal of the radial expansion device 1225, the inside diameters of the casings, 1205 and 
1210, are substantially equal to the inside diameter of the tubular member 1220. In this 
manner, a mono-diameter weUbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
an imier tubular member 1310. In a preferred embodiment, the tubular members. 1305 and 
1 3 1 0. are plastically deformed and radially expanded using one or more of fte methods 
and apparatus described and referenced above. In this mamier. a weUbore casing may be 
provided whose burst and collapse strength may be precisely controlled by varying the 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 

Referring to Fig. 1 la. a weUbore 1400 includes a casmg 1405 that is coupled to a • 
preexisting casing 1410. In a preferred embodiment, one or more sealing members 1415 
-.w ^^y.^ ^ j,^ ^^^^^ ^- ^^^^^ xucmoer ihud m oraer to 

optimally seal the interface between the tubular member 1 405 and the preexisting casing 
1410. In a preferred embodiment, the tubular member 1405 is plastically deformed and 
radiaUy expanded using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. Li an exemplary embodiment, the outside 
diameter of the tubular member 1405 prior to the radial expansion process is OD, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is to, the 
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outside diameter of tbe tubular member following the radial expansion process is ODj, and 
the wall thickness of the tubular member following the radial expansion process is t,. 

Referring to Fig. lib, a tubular member 1420 may then be coupled to the lower 
portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
sealing the interface between tiie tubular member 1420 and the tubular member 1405. 

Referring to Fig. 11c, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In an 
exemplary embodiment, the outside diameter and wall thickness of the lower portion of 
the tubular member 1405 after the additional radial expansion process are OD2 andt,. 

The radial expansion process of Figs. 1 11>1 1 c can then be repeated to provide a 
mono-diameter wellbore casing of virtually unlimited length. 

In several altemative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1 420, may be changed. For example, the first tubular member 
1405 may be plastically deformed and radially expanded to provide a lower portion having 
the outside diameter OD2 and the remaining portion having the outside diameter ODj. The 
tubular member 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1420, may be provided using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular member 
1405 may be expressed by the following equation: 

E={OD^-OD^)/OD, (1) 

where ODq = original outside diameter; 

OD, = outside diameter after radial expansion; and 
OD2 = outside diameter after 2"** radial expansion. 
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Furthennore, in an exemplaiy embodiment, where: (1) the exterior surface of the 
m>cr portion of the tubular member 1420 includes sealing members, and (2) the radial 
spacing between the tubular member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD3. of the tubular member 1405 
5 foUowing the first and second radial expansions may be expressed as: 

OD, = OD, + 26i+2t, (2) 
OD2 = OD^ + 2R+2t2 (3) 

where ODo = the original outside diameter of the tubular member 1405; 

OD, = the outside diameter ofthe tubular member 1405 
following the first radial expansion; 

= *e outside diameter ofthe tubular member 1405 
following the second radial expansion; 
d = the radial spacing between the tubular member 1405 

and the wellbore prior to the first radial expansion; 
h = the waU thickness of the tubular member 1405 after 

the first radial e>q>ansion; 
<i = the wall thickness of the tubular member 1 405 after 

the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
Furthermore, in an exemplary embodiment, for d approximately equal to 0.25 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

E^(0.T+3.7t,)/OD, (4) 

where to = &e original wall thickness of the tubular member 

1405. 

In an exemplary embodiment, the total expansion strain of the tabular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and coUapse 
strength of the expandable tubular member. Therefore, fiom equation (4) the ratio of the 
original outside diameter to the original waU thickness (ODo/to) may be expressed as: 
OD, It^ > 3.8/(03- OJ/OD,) (5) 
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Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal ratio of 
the original outside diameter to the original wall thickness (ODo/to) may be expressed as: 

ODJt^>l6 (6) 

In this manner, for typical tubular members, the burst and collapse strength of the 
5 tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are vahd regardless of the order or type of the radial expansions 
of the tubular member 1405. More generally, the relationships expressed in equations (1) 
through (6) may be applied to the radial expansion of structures having a wide range of 

10 profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
jSrst portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 

1 5 outside diameter. In a preferred embodiment, the first outside diameter is greater than the 
second outside diameter. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the fu*st outside diameter 
is removable. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the fffst outside diameter is fiiangible. 

20 In a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, flie means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for applying a radial 
force to the first portion of the tubular member. In a preferred embodiment, the means for 

25 plastically deforming and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of tiie tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member. 

30 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
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removable aimular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
5 In aprefeixed embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a pluraUty of arcuate elements. 

A method of plastically deforming and radiaUy expanding a tubular member has 
also been described that includes plastically defonnixag and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
10 expanding another portion of the tubular member to a second outside diameter. In a 
prefen-ed embodiment, the first diameter is greater than tiie second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 
a corneal sleeve. In a prefeired embodiment, conical sleeve is frangible. Inapreferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a pluraUty of arcuate elements. In a preferred embodiment, plastically defonning 
and radially expanding the portion of the tubular member includes applying a radial force 
to the portion of the tubular member using an inflatable bladder. In a preferred 
embodiment, plasticaUy deforming and radially expanding the portion of the tubular 
20 member mcludes applying a radial force to the portion of the tubular member using a roller 
expansion device. 

A method of couphng a first tubular member to a second tubular member has also 
been described that includes plasticaUy deforming and radiaUy expanding a first portion of 
the first tubular member to a first outside diameter, plasticaUy defonning and radially 
25 expanding another portion of the first tubular member to a second outside diameter 
positioning the second tubular member inside the first tubular member in overlapping 
TTlTtrrrn *r *±T — , , ^. „ 

' sr-- . ^ ^wxxxc.Cr, PxiiiltxCctxijr Jwr^xxiiIxjL^ aixxl LOAllally 

expanding the second tubular member to a third outside diameter, and plasticaUy 
deforming and ladiaUy expanding the second tubular member to a fourth outside diameter 
Tte mside diameters of the first and second tubular members after the plastic deformations 
and radxal expansions are substantiaUy equal. In a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 
PlasticaUy defonning and radiaUy expanding the first portion of the first tubular member 
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includes appl}dng a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
5 and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding the first portion of the 
first tubular member includes applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

1 0 An apparatus for coupling a first tubular member to a second tubular member has 

also been described that includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 

1 5 member in overlapping relation to the first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. In a 

20 preferred embodiment, the first outside diameter is greater than the second outside 

diameter. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubxxlar member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 

25 is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically defomiing and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 

30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a vsrellbore has also been 
described that includes means for supporting a tubular member witihin the wellbore, means 
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for plastically d=fo»tog and radially «pand^ a portion of ae tabular m«„b« to a 
to outside diameter, and means for plastically deforming and radially ending a 
second portion of the nrbular member to a second outside diameter. In a p,efen«i 

"-""di^ent. the first outside diameter is greater aanae second outside diameter In a 
preferred embodin^ the means for plasticaUy deforming and radiaUy expanding the firs, 
portion of the tubular member to the first outside diameter is removable. In a prefe^d 
embodiment the means for plasdcaUy defomnng and tadiaUy expanding the firs, portion 
of the tubular member to the first outside diameter is flangible. In a preferred 
embodiment, the means for plastically defonning and radially expanding fl,e first portion 
ofthetubularmembertothefirstoutsidediameteriselastic. In a prefetred embodiment, 
the means for plastically deforming and radially expanding fl>e first portion of the mbolar 

membertothe firs, outside diameter includes means for applyingaradialfometofl>e first 
pomon of 4e mbular member. In apreferred embodimem, the means forplasticaUy 
deforming and radially expanding tte fira portion of the h.bular member to fte first 
15 ouaide diameter is infla«,le. m a prefened embodiment demeans for plastfcaUy 
deformmg and radially expiding 4e firs, portion of 4e tubular member to the first 
outside diameter includesn,mngmeans for applying radial pressure to the firs, portion of 

ae tubular member. Inapt^fered embodiment ae apparatus further includes means for 
formmgan amiular body of a fluidic sealing material within an annulns behveen the 

20 tubular member and the wellbore. 

An appamus for forming a weUbore casmg within a weUbore has also been 
described flra. mcludes a n*ular support member including a fim fluid passage an 
expansion cone coupled to the ntf-ular support member having a second fluid p^sage 
flmdicly coupled to the first fluid passage and an outer conical surftce. a n=movable 
25 annular conical sle«, coupled to fte outer conical surface of the expansion cone an 
=mmlar e:q«„sion cone launcher coupled to the conical sleeve and a lower portioL of the 

. , to an eno or me expansion 

conelam.d,er. toaprefertedembodiment. the conical sleeve is ftangible. bapreferred 
embodiment, d» conical sleeve is elastic. In a prefened embodiment, the conical sleeve 
30 includes a plurality of arcuate elements. 

A method of fonning a wellbore casing within a wellbore has also been described 

that mcludes supportingatubular member withinaweUbor^, PlasticaUy deforxning and 
radiaUy expanding a portion of the tubular member to a Grst outside diameter and 
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plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, the jSrst diameter is greater than the 
second diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of the 
5 tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
10 inflatable bladder. In a preferred embodiment, plastically deforming and radially 

expanding the portion of the tubular member includes applying a radial force to the portion 
of the tubular member using a roller expansion device. In a preferred embodiment, the 
method further includes injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the tubular member and the wellbore. In a preferred embodiment, 
15 the method further includes cming the annular body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubxilar member within the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 
20 first tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlappiug relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
25 tubular members after the plastic deformations and radial expansions are substantially 
equal. In a prefenred embodiment, the first outside diameter is greater than the second 
outside diameter. In a preferred embodiment, plastically defomung and radially e3q)anding 
the first portion of the first tubular member includes applying a radial force to the portion 
of the tubular member using a conical sleeve.* In a preferred embodiment, the conical 
30 sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
. embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using an inflatable bladder. In a preferred embodiment, plastically deforming and 
radially expanding the first portion of the first tubular member includes applying a radial 
force to the first portion of the first tubular member using a roller expansion device. In a 
preferred embodiment, the method further includes injecting an annular body of a 
5 hardenable fluidic sealing material into an annulus between the first tubular member and 
the weUbore. In a preferred embodiment, the method fiirther includes curing the annular 
body of hardenable fluidic sealing material. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. In a preferred embodiment, 
10 the method fijrther includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a fu-st tubular member to a second tubular member has 
also been described that includes means for plastically deforming and radially expandmg a 
first portion of the first tubular member to a first outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
1 5 outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plasticaUy deforming and radially expanding the second tubular member to a third outside 
diameter, and means for plastically defonning and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
20 members after the plastic deformations and radial expansions are substantially equal, hi a 
preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
25 embodiment, the conical sleeve is firangible. Jn a preferred embodiment, flie conical sleeve 
is elastic. In a preferred embodiment, the conical sleeve includes a plurality of aixniate 

expanding the first portion of fee first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
30 preferred embodiment, the means for plasticaUy deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus fijrther mcludes means for injecting an amiular body of a 
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* hardenable fiuidic sealing material into an annuius between the tirst tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for curing 
the annular body of hardenable fiuidic sealing material. In a preferred embodiment, the 
apparatus further includes means for injecting an annular body of a hardenable fiuidic 
5 sealing material into an annuius between the second tubular member and the wellbore. In 
a preferred embodiment, the apparatus further includes means for curing the annular body 
of hardenable fiuidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described tiiat includes means for providing a lipped portion in a portion of 
10 the tubular member, and means for plastically deforming and radially expanding another 
portion of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
15 passage fluidicly coupled to the first fluid passage and an outer conical siirface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annxilar portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
20 coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of flie tubular 
25 member, and plastically deforming and radially expanding another portion of the tubular 
member. 

A method of coupling a first tubular member to a second tubular member has also 
.been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
30 member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of the 
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first and second tabular members after the plastic defomiations and radial expansions are 
substantially equal. 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described that includes means for providing a lipped in the first tubular member, 
5 means for plastically deforming and radially expanding another portion of the first tubular' 
member, means for positioning the second tubular member inside the first tubular member 
m overlappmg relation to the Upped portion of the first tubular member, and means for 
plastically deforming and radiaUy expanding the second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
1 0 expansions are substantially equal. 

An apparatus for fonning a wellbore casing within a wellbore has also been 
described that includes means for supportmg a tubular member vvithm the wellbore, means 
for providing a Hpped portion m the tubular member, and means for plastically deformmg 
and radially expandmg another portion of the tubular member to a second outside 
15 diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid p^sage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second amiular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

. . ^^v„v,J ^rr«.^6 „ yy^Z'^x^ -uj. a wcllbuic has alsu been dcijcribed ihai 

includes supporting a tubular member withm the wellbore, providmg a lipped portion in a 
portion of the tubular member, and plasticaUy deforming and radially expandmg another 
30 portion of the tubular member, hi a preferred embodiment, the method fiirther includes 
injecting a hardenable fluidic sealing material in an annulus between the tubular member 
and the wellbore. In a preferred embodiment, the method fiarther includes curing the 
fluidic sealing material. 
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A method of fo r min g a mono-diameter wellbore casing within a wellbore has ailso 
been described that includes supporting a first tubular member within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the second 
5 tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and plastically defomiing and radially expandkig the 
second tubular member. The inside diameters of the first and second tubular members 
after the plastic defomiations and radial expansions are substantially equal. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material in 
10 an annulus between the first tubular member and the wellbore. In a preferred embodiment, 
the method fiirther includes curing the fluidic sealing material. In a preferred embodiment, 
the method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular member and the wellbore. In a preferred embodiment, the 
method further includes curing the fluidic sealing material. 
1 5 An apparatus for forming a mono-diameter wellbore casing within a wellbore has 

also been described that includes means for providing a lipped in the first tubular member, 
means for plastically defomiing and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular member 
in overlapping relation to tiie lipped portion of the first tubular member, and means for 
20 plasticaUy deforming and radially expanding the second tubular member. The inside 

diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the apparatus further 
includes means for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. In a preferred embodiment, the apparatus 
25 further includes means for curing the fluidic sealmg material. In a preferred embodiment, 
the apparatus further includes means for injecting a hardenable fluidic sealing material in 
an annulus between the second tubular member and the wellbore. In a preferred 
embodiment, the apparatus further includes means for curing the fluidic sealing material. 
An apparatus for plastically defomiing and radially expanding a tubular member 
30 has also been described that includes means for plastically deforming and radially 

expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. In a preferred embodiment, the 
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apparatus furflxer includes means for anchoring the tubular member during the radial 
expansion. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a mbular siqjport member including a first passage, 
5 an expansion cone coupled to the tubular stqjport having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another aid of the annular expansion cone laimcher having a valveable fluid passage, 
10 and another annular expansion cone movably coupled to the tubular support member. The 
annular expansion cones are positioned in opposite orientations. In a preferred 
embodiment, the annular ejcpansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 
tubular member." hi a preferred embodiment, the apparatus fiorther mcludes an anchoring 
member coupled to the tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially eicpanding a tubular manber has 
also been described that includes plasticaUy deforming and radiaUy expanding a first end 
of the tubular member, and plastically deforming and radially expanding a second end of 
20 the tubular member. In a preferred embodiment, the method fiirther includes anchoring 
the tubular member during the radial expansion, hi a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. hi a preferred embodiment, plastically deforming and radially expanding the second 
end of the tubular member includes injecting a fluidic material mto the tubular member. 
25 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular member inside the first tubular 

t«^«,W in an «„^rlo«r»in« «.lati,x«el„-„ ^•fr.rrr.in^ ar^A «.^,-«n„ ^cr.^i„rr 

end of the second tubular member that overl^s with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 
30 . member. In a preferred embodiment, the method further includes plastically deforming 
and radially expanding at least a portion of the second tubular member, hi a preferred 
embodiment, the mside diameters of the first and second tubular members are substantially 
equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member has 
also been described that includes means for positioning the second tubular member inside 
the first tubular member in an overlapping relationship, means for plastically deforming 
and radially expanding the end of the second tubular member that overlaps with the first 
5 tubxilar member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of tiie first and 
second tubular members are substantially equal after the radial expansions. 

10 An apparatus for forming a wellbore casing Avithin a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 
member. In a preferred embodiment, the apparatus fijrther includes means for anchoring 

1 5 the tubular member during the radial expansion. In a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fiuidic sealing material into an annulus 
between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first passage, an expansion 

20 cone coupled to the tubular support having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 
of the annular expansion cone launcher having a valveable fiuid passage, and another 

25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
aimular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and the other annular expansion cone is adapted to 
plastically deform and radially expand a second end of the expandable tubular member. In 

30 a preferred embodiment, the apparatus fiirther includes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first end of the tubular 
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member, and plastically defonning and radially expanding a second end of the tubular 

member. In a preferred embodiment, the method ftirther includes anchoring the tubular 

member during the radial expansion. In a preferred embodiment, the first end of the 

tubular member is plasticaUy deformed and radially expanded before the second end. In a 

5 preferred embodiment, plastically deforming and radially expanding the second end of the 

tubular member includes injecting a fluidic material into the tubular member. In a 

preferred embodiment, the method further includes injecting a hardenable fluidic seaUng 

material into an annulus between the tubular member and the wellbore. 

A method of forming a wellbore casing within a wellbore has also been described 

1 0 that includes plastically deforming and radially expanding a first tubular member within 

the weUbore, positioning a second tubular member inside the first tubular member in an 

overiapping relationship, plastically deforming and radially expanding the end of the 

second tubular member that overlaps with the first tubular member, plasticaUy deforming 

and radiaUy expanding the remaimng portion of the second tubular member. In a preferred 

1 5 embodiment, the method further includes plastically deforming and radially expanding at 

least a portion of the second tubular member. In a preferred embodiment, the inside 

diameters of the first and second tubular members are substantially equal after the radial 

ejq)ansions. In a preferred embodiment, the method further includes injecting a hardenable 

fluidic sealing material into an annulus between the first tubular member and the wellbore. 

20 In a preferred embodiment, the method further includes injecting a hardenable fluidic 

sealing material into an annulus between the second tubular member and the weUbore. 

An apparatus for forming a weUbore casing within a wellbore has also been 

described that includes means for plastically deforming and radially expanding a first 

tubular member within the wellbore, means for positioning the second tubular member 

inside the first tubular member in an overlapping relationship, means for plasticaUy 

deforming and radiaUy expanding the end of the second tubular member that overlaps wilh 
^ • • ' ' ' " . ■ 

remaining portion of the second tubular member. In a preferred embodiment, the 
apparatus fiirther includes means for plastically deforming and radially expanding at least 
30 a portion of the second tubular member, hi a preferred embodunent, the inside diameters 
of the first and second tubular members are substantially equal after the radial expansions, 
hi a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing material into an annulus between the first tubular member and 



25 
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the wellbore. In a preferred embodiment, the apparatus ftirther includes means tor 
injecting a hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
5 within a wellbore has also been described that includes means for supporting a tubular 
member in overlapping relation to the opposing ends of the wellbore casings, means for 
plastically deforming and radially expanding the tubular member, and means for plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

10 A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore has also been described that includes supporting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 

15 the wellbore casings. 

A metiiod of forming a structure having desired strength characteristics has also 
been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member vintil the desired strength characteristics are achieved. 

20 A method of forming a wellbore casing within a wellbore having desired strength 

characteristics has also been described that includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surfece of the first tubular 
member until the desired strength characteristics are achieved. 

25 A method of coupling a first tubular member to a second tubular member, the first 

tubular member having an original outside diameter ODq and an original wall thickness to, 
has also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 

30 diameter, positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubiilar member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a foxirth 
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outside diameter, wherein the inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal, and 
wherein lie ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness of the first tubular member is greater than or equal to 1 6. 
5 A method of forming a mono-diameter weUbore casing has also been described 

that includes positioning a first tubular member within a wellbore. the first tubular member 
having an original outside diameter ODo and an original wall thickness t^, plasticaUy 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 
10 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expandmg the second tubular member 
to a third outside diameter, and plasticaUy deforming and radiaUy expanding the second 
tubular member to a fourth outside diameter. Tht inside diameters of the first and second 
15 tubular members after the plastic deformations andradial expansions are substantially 
equal, and wherein tJie ratio of the original outside diameter OD^ of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or equal 
to 16. 

An apparatus has also been described that includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter ODo of the first tubular member to the original waU thickness t, of the 
first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes aplastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plasticaUy 

^ lucuiuw uuupicu lu luc insi portion ox me 

first tubular member. The ratio of the origmal outside diameter ODo of the first tiabular 
member to the original waU thickness to of the first tubular member is greater than or equal 
to 16. In a preferred embodiment, the inside diameters of the first and second tubular 
members are substantiaUy equal. 

A weUbore casing formed in a weUbore has also been described that includes a 
plastically deformed and radiaUy expanded first tubular member having a first portion 
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having a first outside diameter and a remaming portion Having a second outside diameter, 
and a plsistically defonned and radially expanded second tubular member coupled to the 
first portion of the first tubular member. The ratio of the original outside diameter ODq of 
the first tubular member to the original wall thickness t^ of the first tubular member is 
5 greater than or equal to 16. In a preferred embodiment, the inside diameters of the first 
and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODq of the tubular member to the original wall thickness t^, of the tubular 
1 0 member is greater than or equal to 1 6. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and structural 
supports. 

Although this detailed description has shown and described illustrative 
1 5 embodiments of the invention, this description contemplates a wide range of 

modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims broadly, 
and in a manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

1 1. An apparatus for plastically defonning and radially expanding a tubular mem^^^^ 

2 comprising: 



3 
4 
5 
6 



means for plastically deforming and radially e5q>anding a first portion of the tubular 

member to a first outside diameter, and 
means for plastically defonning and radially e^anding a second portion of the 

tubular member to a second outside diameter. 



1 2. T^ie apparatus ofclaiml, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 3. Tbeapparatusofclaiml,whereinthemeansforplasticaUydeformingandradially 

2 expanding the Srst portion of the tubular member to the fii^ outside diameter is 

3 removable. 

1 4. ^e^Patatusofclaiml, wherein themeansforplasticallydeformingandradially 

2 expanding Ihe first portion of the tubular member to the first outside diameter is tangible. 

1 5. TTae apparatus of claim 1, ^^*erein the means for plastically deforming and radiaUy 

2 expanding the first portion of the tubular member to the first outside diameter is elastic. 

1 6. The apparatus of claim 1, wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to Ihe first outside diameter comprises 

3 nieansforapplyingaradialforcetothefirstportionofthetubularmember. 

2 expanding the first portion of the tubular member to the first outside diameter is inflatable. 

1 8. The apparatus ofclaiml, wherein the means for plastically deforming and radiaUy 

2 expanding the first portion of the tubular member to the first outside diameter includes 

3 rolling means for applying radial pressure to the first portion of Ihe tubular member 
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1 9. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first fluid passage; 

4 an expansion cone coupled to the tubular support member having a second fluid 

5 passage fluidicly coupled to the first fluid passage and an outer conical 

6 surface; 

7 a removable annular conical sleeve coupled to the outer conical surface of the 

8 expansion cone; 

9 an annular expansion cone launcher coupled to the conical sleeve and a lov^er 

1 0 portion of the tubular member; and 

11 a shoe having a valveable passage coupled to an end of the expansion cone 

12 launcher. 

1 10. The apparatus of claim 9, wherein the conical sleeve is firangible. 

1 11. The apparatus of claim 9, wherein the conical sleeve is elastic. 

1 12. The ^paratus of claim 9, wherein the conical sleeve comprises a pluraUty of 

2 arcuate elements. 

1 13. A method of plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a portion of the tubular member to a 

4 first outside diameter; and 

5 plastically deforming and radially expanding another portion of the tubular member 

6 to a second outside diameter. 

1 14. The method of claim 13, wherein the first diameter is greater than the second 

2 diameter. 

1 15. The method of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
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1 1 6, The method of claim 1 5, wherein the conical sleeve is jfrangible. 

1 17. The method of claim 15, wherein the conical sleeve is elastic. 

118. The method of claim 1 5, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 



1 19. The method of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 20. The method of claim 13, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

121. A method of coupling a first tubular member to a second tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first portion of the firet tubular 

4 member to a first outside diameter; 

5 plastically deforming and radially expanding another portion of the first tubular 

6 member to a second outside diameter; 

7 positioning the second tubular member inside the first tubular member in 

Z'^TZlz f;:^- -^--^ . ro , 

9 plasticaUy defoiming and radiaUy ejqjanding the second tubular member to a third 

10 outside diameter; and 

1 1 plasticaUy deforming and radially expanding the second tubular member to a fourth 

12 outside diameter; 

13 wherein the inside diameters of the &st and second tubular members after the 

plastic deformations and radial ejqjansions are substantially equal. 
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1 22. The method of claim 21 , wherein the first outside diameter is greater than the 

2 secx)nd outside diameter. 

1 23 . The method of claim 2 1 , wherein plastically deforming and radially expanding the 

2 first portion of the first tubxilar member comprises: 

3 appljrtng a radial force to the portion of the tubxilar member using a conical sleeve. 
1 24. The method of claim 23, wherein the conical sleeve is fi-angible. 

I 25. The method of claim 23, wherein the conical sleeve is elastic. 

1 26. The method of claim 23, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 27. The method of claim 2 1 , wherein plastically deforming and radially expanding the 

2 first portion of the fixst tubular member comprises: 

3 applymg a radial force to the first portion of the first tubular member using an 

4 inflatable bladder. 

1 28 . The method of claim 2 1 , wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using a roller 

4 expansion device. 

1 29. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for plastically defomiing and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular member to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular member in 

8 overlapping relation to the first portion of the first tubular member; ' 
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9 means for plastically deforming and radially expanding the second tubular member 

to a third outside diameter; and 
1 1 means for plastically defonning and radially expanding the second tubular member 

to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



13 
14 



1 30. The apparatus of claim 29, wherein the first outside diameter is greater than the 

2 second outside diameter. 

131. The apparatus of claim 29, wherein the means for plastically defonning and 

2 radiaUy expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the portion of the tubular member using a 

4 conical sleeve. 



1 32. The apparatus of claim 3 1 , v\iierein the conical sleeve is frangible. 
1 33. The apparatus ofclaim 31, wherein the conical sleeve is elastic. 

1 34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 35. The apparatus of claim 29, wherein the means for plasticaUy defonning and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applymg a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 

1 36. The apparatus ofclaim 29, wherein the means for plasticaUy defonning and 

2 radiaUy expanding the first portion of the first tubular member comprises: 

3 means for ^plying a radial force to the first portion of the first tubular member 

4 using a roller expansion device. 
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1 37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first portion of the tubular 

4 member to a first outside diameter; and 

5 means for plastically deforming and radially expanding a second portion of the 

6 tubular member to a second outside diameter. 

1 38. The apparatus of claim 37, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 39. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the Gist outside diameter is 

3 removable. 

1 40. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially e3q)anding the first portion of the tubular member to the first outside diameter is 

3 firangible. 

1 41 . The apparatus of claim 37, wherein tiie means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 elastic. 

1 42. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter 

3 comprises means for applying a radial force to the first portion of the tubular member. 

1 43. The apparatus of claim 37, wherein the means for plastically defomiing and 

2 radially expanding the fitst portion of the tubular member to the first outside diameter is 

3 inflatable. 

1 44. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially e5q)anding the first portion of the tubular member to the first outside diameter 
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3 comprises rolling means for applying radial pressure to the first portion of fee tubular 

4 manber. 



1 45. 

2 



The apparatus of claim 37, further comprising: 

means for forming an annular body of a fluidic sealing material within an annulus 
between the tubular member and the wellbore. 



1 46. 



An apparatus for forming a wellbore casing within a wellbore. comprising: 

2 a tubular support member including a first fluid passage; 

3 an expansion cone coupled to the tubular support member having a second fluid 

4 passage fluidicly coupled to the first fluid passage and an outer conical 

5 surface; 

6 a removable annular conical sleeve coupled to the outer conical surface of the 

7 expansion cone; 

8 an annular expansion cone launcher coupled to the conical sleeve and a lower 

9 portion of the tubular membra; and 
a shoe having a valveable passage coupled to an end of the expansion cone 

1 1 launcher. 



10 



1 47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

1 48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

1 49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 



2 supporting a tubular member witiiin a wellbore; 

J plastically deforming and radiaUy expanding a portion of the tubular member to a 
t first outside diameter; and 

; plastically deforming and radially expanding another portion of the tubular member 
> to a second outside diameter. 
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1 51. The method of claim 50, wherein the first diameter is greater than the second 

2 diameter. 

1 52. * The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tabular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 53. The method of claim 50, wherein the conical sleeve is frangible. 

1 54. The method of claim 50, wherein the conical sleeve is elastic. 

1 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 56. The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applymg a radial force to the portion of the tubular member xising an inflata b le 

4 bladder. 

1 57. TTie method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

1 58. The method of claim 50, further comprising: 

2 injecting an annular body of a hardenable fluidic sealing material into an annulus 

3 between the tubular member and the wellbore. 

1 59. The method of claim 58, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

1 60. A method of forming a mono-diameter wellbore casing within a weUbore, 

2 comprising: 
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3 
4 



supportmg a &st tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plasticaUy deforming and radiaUy expanding another portion of the first tubular 

7 member to a second outside diameta-, 

8 positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically defoiming and radially expanding the second tubular member to a third 

1 1 outside diameter; and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

13 outside (Uameter; 

14 wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



9 
10 



15 



1 61. The method of claim 60, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 62. The method of claim 60, wherein plastically defoiming and radially expanding Ae 

2 first portion of the first tubular member comprises: 

3 ^plying a radial force to the portion of the tubular member using a conical sleeve. 
1 63. The method ofclaim 62, wherein the conical sleeve is fi'angible. 

1 64. The method of claim 62, wherein the conical sleeve is elastic. 

1 65. The method of claim 62, wherein the conical sleeve comprises a pluiaUty of 



1 66. The method of claim 60, wherein plasticaUy defonning and radiaUy expanding the 

2 first portion ofthe first tubular member comprises: 
applying a radial force to the first portion ofthe first tubular member using an 



3 

4 inflatable bladder, 
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1 67. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using a roller 

4 expansion device. 

1 68. The method of claim 60, further comprising: 

2 injecting an annular body of a hardenable fluidic sealing material into an annulxis 

3 between the first tubular member and the wellbore. 

1 69. The method of claim 68, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

3 70. The method of claim 60, further comprising: 

4 injecting an annular body of a hardenable fluidic sealing material into an annulus 

5 between the second tubular member and the wellbore. 

1 71 . The method of claim 70, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

1 72- An apparatus for coupling a first tubular member to a second tubxilar member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular member to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular member in 

8 overlapping relation to the first portion of the first tubular member; 

9 means for plastically deforming and radially expanding the second tubular member 

10 to a third outside diameter; and 

1 1 means for plastically deforming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 

14 plastic deformations and radial expansions are substantially equal. 
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1 73. The apparatus of claim 72, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 74. The apparatus of claim 72, wherein the means for plasticaUy deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to Uie portion of the tubular member using a 

4 conical sleeve. 

1 75. The apparatus ofclaim 74, wherein the conical sleeve is fiangible. 

1 76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

1 77. The apparatus ofclaim 74, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 78. The apparatus of claim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 

1 79. The apparatus of claim 72, wherein the means for plasticaUy deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using a roller eTcpansion device. 



2 means for injecting an annular body of a hardenable fluidic sealiiig material into an 

3 annulus between the first tubular member and the wellbore. 



1 81. 



The apparatus of claim 80, further comprising: 



2 means for curing the annular body of hardenable fluidic sealing material. 
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3 82. The apparatus of claim 72, further comprising: 

4 means for injecting an annular body of a hardenable fluidic sealing material into an 

5 annulus between the second tubular member and the wellbore. 

1 83. The apparatus of claim 82, further comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 
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1 84. An apparatus for plastically defonning and radiaUy expanding a tubular member, 

2 comprising: 

3 means for providing a lipped portion in a portion of the tubular member; and 

4 means for plastically defomiing and radially expanding another portion of the 

5 tubular member. 

1 85. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first fluid passage; 

4 an expansion cone coupled to the tubular support member having a second fluid 

5 passage fluidicly coupled to the first fluid passage and an outer conical 

6 surface; 

7 an annular expansion cone laxmcher comprising: 

8 a first annular portion coupled to a lower portion of the tubular member; 

9 a second annular portion coupled to the first annular portion that mates with 
^ ° the outer conical surfece of the ejqpansion cone; 

^ ^ a third annular portion coupled to the second annular portion havmg a first 

12 outside diameter; and 

^ ^ a fourth annular portion covrpled to the third annular portion having a 

14 second outside diameter; 

^ ^ wha-ein the second outside diameter is less than the first outside diameter; 

16 and 

1 7 a shoe having a valveable passage coupled to fourth annular portion of the 

1 8 expansion cone laimcher. 

1 86. A method ofplastically defonning and radiaUy expanding a tubular member, 

3 providing a lipped portion in a portion of the tubular member, and 

4 plastically deforming and radially expanding another portion of the tubular 

5 manber. 

187. A method of coupUng a first tubular member to a second tubular member, 
2 comprising: 
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3 providing a lipped portion in a portion of tbe first tubular member, 

4 plastically deforming and radially expanding another portion of the first tubular 

5 member; 

6 positioning the second tubular member inside the first tubular member in 

7 overlappmg relation to the lipped portion of the first tubular member, and 

8 plastically deforming and radially expanding the second tubular member; 

9 wherein the inside diameters of ttie first and second tubular members after the 
10 plastic deformations and radial expansions are substantially eqxial. 

1 88. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for providing a lipped in the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 overlapping relation to the lipped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member; 

10 wherein the inside diameters of the first and second tubxilar members after the 

1 1 plastic deforaiations and radial expansions are substantially equal, 

1 89. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for providing a lipped portion in the tubular member, and 

4 means for plastically deforming and radially expanding another portion of the 

5 tubular member to a second outside diameter. 

6 90. An apparatus for forming a wellbore casing within a wellbore, comprising: 

7 a tubular support member including a first fluid passage; 

8 an expansion cone coupled to the tubular support member having a second fluid 

9 passage fluidicly coupled to the first fluid passage and an outer conical 

10 surface; 

1 1 an aimular expansion cone launcher comprising: 
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^ ^ annular portion coupled to a lower portion of the tubular member; 
^ second annular portion coupled to the first annular portion that mates with 
•'^ tlie outer conical surface of the expansion cone; 

^ ^ ^ annular portion coupled to the second annular portion having a first 

1^ outside diameter, and 

^ ^ ^ annular portion cotq>led to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the &st outside diameter; 

20 and 

21 a shoe havmg a valveable passage coupled to fourth annular portion of Ihe 

22 ejqjansion cone laimcher. 

191. A method of forming a wellbore casing in a wellbore, comprising: 

2 supporting a tubular member within the wellbore; 

3 providing a Upped portion in a portion of the tubular member; and 

4 plastically deforming and radially expanding another portion of the tubular 

5 member. 

1 92. The method of claim 91 , further comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between the tubular 

3 member and the wellbore. 

1 93. The method of claim 92, further comprising: 

2 curing the fluidic sealing material. 



1 94. 



A method of forming a mono-diameter wellbore casing within a wellbore 



3 supporting a first tubular member within 4e wellbore; 

4 providing a Kpped portion in a portion of Ihe first tubular member; 

5 plasticaUy deforming and radiaUy expanding another portion of the first tubular 

6 member; 

7 positioning the second tubular member inside the first tubular member in 

8 overlapping relation to the Upped portion of the first tubular member; and 
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9 plastically deforming and radially expanding the second tubular member; 

10 wherein the inside diameters of the first and second tubular members after the 

1 1 plastic deformations and radial expansions are substantially equal. 

1 95. The method of claim 94, further comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between the first 

3 tubular member and the wellbore. 

1 96. The method of claim 95, fiirther comprising: 

2 . curing the fluidic sealing material. 

3 97. The method of claim 94, further comprising: 

4 injecting a hardenable fluidic sealing material in an aimulus between the second 

5 tubular member and the wellbore. 

1 98. The method of claim 97, further comprising: 

2 curing the fluidic sealing material. 

1 99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 means for providing a lipped in the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular rnember inside the first tubular member in 

7 overlapping relation to the lipped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member; 

10 wherein the inside diameters of the first and second tubular members after the 

1 1 plastic deformations and radial expansions are substantially equal. 

1 100. The apparatus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an aimulus between the 

3 first tubular member and the wellbore. 
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101. The apparatus of claim 1 00, further comprising: 
means for curing the fluidic sealing material. 

1 02. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

1 03 . The apparatus of claim 1 02, further comprising: 
means for curing the fluidic sealing material. 
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1 1 04. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 1 05. The apparatus of claim 1 04, further comprising: 

2 means for anchoring the tubular member during the radial e?q)ansion. 

1 1 06. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first passage; 

4 an expansion cone coupled to the tubular support having a second passage fluidicly 

5 coupled to the first passage and an outer conical surface; 

6 an annular expansion cone laimcher movably coupled to outer conical surface of 

7 the expansion cone; 

8 an expandable tubular member coupled to an end of the armular expansion cone 

9 launcher; 

10 a shoe coupled to another end of the annular expansion cone laimcher having a 

1 1 valveable fluid passage; and 

1 2 another annular expansion cone movably coupled to the tubular support member; 

1 3 wherein the aimular expansion cones are positioned in opposite orientations. 



1 1 07. The apparatus of claim 1 06, \^dierein the annular expansion cone is adapted to 

2 plastically deform and radially e^qpand a first end of the e^qjandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 1 08. The apparatus of claim 1 06, further comprising: 

2 an anchoring member coupled to the tubular support member adapted to hold the 

3 expandable tubular. 
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1 1 09. A method of plasticaUy deforming and radiaUy expanding a tubular member, 

2 comprising: 

3 plasticaUy defomiing and radiaUy expanding a first end of the tubular member, and 

4 plastically defoiming and radiaUy expanding a second end of the tubular member. 

1 110. The method of claim 1 09, further comprising: 

2 anchoring the tubular member during the radial expansion. 

1 111. The method of claim 109, wherein the first end of the tubular member is plastically 

2 deformed and radially expanded before the second end. 

1 1 12. The method of claim 109, plasticaUy defoiming and radially expanding die second 

2 end of the tubular member comprises injecting a fluidic material into the tubular member. 

1 1 13. A method of coupling a first tubidar member to a second tubular member, 

2 comprising: 

3 positioning the second tubular member inside the first tubular member in an 

4 overlapping relationship; 

5 plastically deforming and radially expanding the end of the second tubular member 

6 that overlaps wiflitiie first tubular member; 

7 plastically deforming and radially expanding the remaining portion of the second 

8 tubular member. 

1 114. The method of claim 1 1 3, fiirther comprismg; 

2 plastically defoiming and radiaUy expanding at least a portion of the second tubular 

3 member. 

1 1 15. The melhod of claim 114, wherein the inside diameters of the first and second 

2 tubular members are substantiaUy equal after the radial expansions. 

1 116. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 
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3 means for positioning the second tubular member inside the first tubular member in 

4 an overlapping relationship; 

5 means for plastically deforming and radially expanding the end of the second 

6 tubular member that overlaps with the first tubular member, 

7 means for plastically deforming and radially expanding the remaining portion of 

8 the second tubular member. 

1 117. The apparatus of claim 116, further comprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 

1 .118. The apparatus of claim 1 17, wherein the inside diameters of the first and second 

2 tubidar members are substantially equal after the radial expansions. 

1 119. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 120. The apparatus of claim 1 19, further comprising: 

2 means for anchoring the tubular member diuring the radial expansion. 

1 121. The apparatus of claim 119, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the tubular member and the wellbore. 

1 122. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 a tubular support member including a first passage; 

3 an expansion cone coupled to the tubular support having a second passage fluidicly 

4 coupled to the first passage and an outer conical surface; 
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5 an annular expansion cone launcher movably coupled to outer conical surface of 

6 ihe expansion cone; 

7 an expandable tubular member coupled to an end of the annular expansion cone 

8 launcher; 

9 a shoe coupled to another end of the annular expansion cone launcher having a 
^ 0 valveable fluid passage; and 

1 1 another annular expansion cone movably coiq)led to the tubular sxqyport member, 

12 wherein the annular expansion cones are positioned in opposite orientations. 



1 123. The apparatus of claim 122, v^rherein the annular expansion cone is adapted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plasticaUy deform and radiaUy expand a 

4 second end ofthe expandable tubular member. 



3 



1 124 
2 



The apparatus of claim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
3 expandable tubular. 



1 125. 
2 



A method of forming a wellbore casing within a weUbore, comprising: 
plastically deforming and radially expanding a first end ofthe tubular member, and 
3 plastically deforming and radially expanding a second end ofthe tubular member. 



1 126. The method ofclaim 125, further comprising: 

2 anchoring the tubular member during the radial expansion. 

1 127. The method ofclaim 125, wherein the first end ofthe tubular member is plasticaUy 

1 128. The method of claim 125, plasticaUy deforming and radiaUy expanding the second 

2 end ofthe tubular member comprises injecting a fluidic material into the tubular member. 

1 129. The method ofclaim 125, further comprising: 
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2 injecting a hardenable fluidic sealing material into an annulus between the tubular 

3 member and the wellbore, 

1 130. A method of fomiing a wellbore casing within a wellbore, comprising: 

2 plastically deforaiing and radially expanding a first tubular member within the 

3 wellbore; 

4 positioning a second tubular member inside the first tubular member in an 

5 overlapping relationship; 

6 plastically deforming and radially expanding the end of the second tubular member 

7 that overlaps with the first tubular member; 

8 plastically deforming and radially expanding the remaining portion of the second 

9 tubular member. 

1 131. The method of claim 130, further comprising: 

2 plastically deforming and radially expanding at least a portion of the second tubular 

3 matnber. 

1 132. The method of claim 131, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 

1 133. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the first 

3 tubular member and the wellbore. 

1 134. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the second 

3 tubular member and the wellbore. 

1 135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for plastically deforming and radially expanding a first tubular member 

3 within the wellbore; 
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4 
5 
6 
7 
8 



means for positioning the second tubular member inside the first tubular member 

an overlapping relationship; 
means for plastically defonning and radially expanding Ihe end of the second 

tabular member that overlaps with the first tubular member; 
means for plastically deforming and radially ejq,anding tiie remaining portion of 
9 the second tubular member. 



1 136. The apparatiisofclaim 135, fiirther comprising: 

2 means for plastically defonning and radially expanding at least a portion of tiie 

3 second tubular member. 



1 137. The apparatus of claim 136, wherein the inside diameters of the first and second 

2 tiibular members are substantially equal after the radial expansions. 



1 138. The apparatus ofclaim 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 tlie first tubular member and the wellbore. 

1 139. The apparatus ofclahn 135, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the second tubular member and the wellbore. 
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1 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 means for supporting a tubular member in overlapping relation to the opposing 

4 ends of the wellbore casings; 

5 means for plastically deforming and radially expanding the tubular member; and 

6 means for plastically deforming and radially expanding the tubular member and the 

7 opposing ends of the wellbore casings. 

1 141. A method of bridging an axial gap between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 supporting a tubular member in overlapping relation to the opposing ends of the 

4 wellbore casings; 

5 plastically deforming and radially expanding the tubular member; and 

6 plastically deforming and radially expanding the tubular member and the opposing 

7 ends of the wellbore casings. 
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1 142. A mefliod of fonning a structure having desired strength characteristics. 

2 comprising: 

3 providing a first tubular member; and 

4 plastically defomiing and radially expanding additional tubular members onto the 

5 interior surface of the first tubular member until the desired strength 

6 charactaistics are achieved. 



1 143. A method of fomiing a wellbore casing within a v^^ellbore having desired strength 

2 characteristics, comprising: 

3 plastically defoiming and radially expanding a first tubular member within the 

4 wellbore; and 

5 plastically defoiming and radially expanding additional tubular members onto the 

6 interior surface of the first tubular member untU the desired strength 

7 characteristics are achieved. 
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1 144. A method of coupling a first tubular member to a second tubular member, the first 

2 tubular member having an original outside diameter OD^ and an original wall thickness to, 
•3 comprising: 

4 plastically deforming and radially expanding a furst portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially expanding the second tubular member to a tihdrd 

1 1 outside diameter and 

12 plastically defomiing and radially expanding the second tubular member to a fourth 

1 3 outside diameter; 

14 wherein the inside diameters of the first and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

1 6 wherein the ratio of the original outside diameter ODq of the first tubular member 

17 to the original wall thickness to of the first tubular member is greater than or 

18 equal to 16. 

1 145. A method of fomiing a mono-diameter wellbore casing, comprising: 

2 positioning a first tubular member within a wellbore, the first tubular member 

3 having an original outside diameter ODq and an original wall thickness to; 

4 plastically deforming and radially expanding a first portion of the first tubular 
' 5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member, 

1 0 plastically deforming and radially expandmg the second tubular member to a third 

1 1 outside diameter; and 

12 plastically deforming and radially expanding the second tubular member to a fourth 

1 3 outside diameter; 

-85- 

NSDCXilD: <WO 02053867A2J_> 



wo 02/053867 

PCT/US02/00093 

14 v^iierein the inside diameters of the first and second tubular members after the 

^ ^ plastic deformations and radial expansions are substantially equal; and 

16 wherein the ratio of the original outside diameter ODo of the first tubular member 

^ ^ *° original wall thickness to of the first tubular member is greater Ihan or 

18 equal to 16. 

1 146. An apparatus, comprising: 

2 a plasticaUy deformed and radiaUy expanded tubular member having a first portion 

3 having a first outside diameter and a remaining portion having a second 

4 outside diameter 

5 wherem the ratio of Ihe original outside diameter ODo of the first tubular member 

6 to the original waU thickness to of the first tubular member is greater than or 

7 equal to 16. 



3 



8 



1 147. An apparatus, comprismg: 

2 a plasticaUy deformed and radiaUy expanded first tubular member having a first 
portion having a first outside diameter and a remaifting portion having a 

4 second outside diameter; and 

5 a plastically deformed and radiaUy expanded second tubular member coupled to 

6 the first portion of the first tubidar member; 

7 vkrherein the ratio of the original outside diameter ODp of the first tubular member 
to the original waU thickness to of the first tubular member is greater than or 

9 equal to 16. 

1 148. The apparatus of claim 147, wherein the inside diameters of the first and second 

2 tubular members are substantiaUy equal. 

1 149. A wellbore casing formed in a weUbore, comprising: 

2 a plasticaUy deformed and radiaUy expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter; and 

5 a plastically deformed and radiaUy expanded second tubular member coupled to 

6 the first portion of the first tubular member; 
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7 v^erein the ratio of the original oxxtside diameter ODq of the first tubular member 

8 to the original wall thickness to of tiie first tubular member is greater than or 

9 equal to 16. 

1 1 50. The casing of claim 1 49, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An apparatus, comprising: 

2 a plastically deformed and radially e^qpanded tubular member, 

3 wherein the ratio of the original outside diameter ODq of flie tubular member to the 

4 original wall thickness to of tlie tubular member is greater than or equal to 

5 16. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 

an expansion member comprising an external surface for plastically deforming and 
radially expanding the tubular member coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid 
passage; 

a removable annular sleeve comprising an extemal surface for plastically 

deforming and radially expanding the tubular member coupled to the 

extemal surface of the expansion member; 
an annular expansion member launcher coupled to the annular sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion member 

launcher. 

10. (Amended) The apparatus of claim 9, wherein the aimular sleeve is frangible. 

1 1 . (Amended) The apparatus of claim 9, wherein the annular sleeve is elastic. 

12. (Amended) The apparatus of claim 9, wherein the annular sleeve comprises a plurality 
of arcuate elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 
plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter. 

14. The method of claim 1 3, wherein the first diameter is greater than the second 
diameter. 
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portion ofthe tubular mmlwr comprises: 

applying a .Bdial force .o Ae portion of tt,e fibular member using a conical sleeve. 
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1 6. The method of claim 1 5, wherein the conical sleeve is frangible. 

1 7. The method of claim 15, wherein the conical sleeve is elastic. 

1 8. The method of claim 15, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 9. The method of claim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

2 1 . (Amended) A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 
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applying a radial force to the portion of the tubular memh.r • 

uic lUDuiar member usmg a conical sleeve. 

2". ™«">«^ Of 23. whe^ind,. conical .,e„.i,fl^,.y, 
25. Tie „f Cain, 23. whereu, fte conic „ecve is elaaic. 

"'~:r^-'^----— ----- 

c».ns,orp,..ca,,^^^^^^^ 

means for plastically deforming and radially -vn=Li„ 

„ . , * ^""'5^ Mpandmg another portion of ihe first 

tubular number to a second o,«side diameter- 
means for positioning the second tuWar memher ins'ide the fe, tu^ar „emher in 

-"'^^'■■'^-a-on.od.efirstportionofthetirsttuhularmemj 

to a third outside diameter; and ^cmoer 
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means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

3 1 . The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1 , wherein the conical sleeve is fi-angible. 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 

34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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45. The apparatus of claim 37. further comprising: 

meansforfonning an annular body ofafluidic sealing material wi^ 
between the tubular member and the wellbore. 

46. (Amended) An apparatus for fonning a wellbore 
a tubular support member including a first fl 
an expansion member coupled to the tubular 



, . , , ^=^'"8 within a wellbore. comprising: 

a tubular support member including a first fluid passage; 



support member having a second fluid 
parage fluidicly coupled ,o fte to, fluid p.^ a. outer su,feoe for 
«d.ally exp^ding aud plastically defonnmg fte »cUbore casing- 
a removable annular sleeve comprising an outer surface for tadially exp^ding and 
Plasncally defonning .h. ,vellbore casing coupled ,0 a,e outer surface of fl,e 
expansion member; 

an annular expansion n,en>ber launcher coupled to the annular sleeve and a lower 
portion of the weUbore casing; and 

a shoe having a valveable passage coupled ,0 an end of the expansion member 
laiancher. 

(Amended) 71« appa«ti„ „f elain, 4*. wherein the annular sleeve is frangible. 

48. (Amended) The apparatus of claim 46. wherein the annular sleeve is elastic. 

49. (Amended) apparatus of claim 46. whet^in ^ annular sleeve comprises a 
plurality of arcuate elements. 

50. A metiiod of forming a wellbore casing witinn a weUbore. comprising- 
supportmg a tubular member within a wellbore- 

Piastically deforming and radially expandi„ga;ortion of ti,eti.bular member toa 
first outside diameter; and 

Plastically deforming and tadially expanding another portion of the tubular member 
to a second outside diameter. 
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5 1 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

57. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

59. The method of claim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. (Amended) A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 
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supporting a first tubular member within the wellbore- 

plastically defonning and radially expandingafirstpo^tionofthe first m^^^^ 
member to a first outside diameter; 

Pla^ically d=fonni„g ^ r^^>y ^ ^ 

member to a second outside diameter; 

positio,^„g d« second .ubul^ ^,,1 ^ ^^^^^ ,^ 

overlapping „,atio„ «, a„ fi« p„„i„„ ^^^^^ ^^^^ 

plastically dcfonning an, ^ ^^^^ ^ ^ 

outside diameter; and 
plastically defonning and ^lially „p^,i„, ^ ^ ^ ^ 

outside diameter; 

^ fte fi« and second «.Ma. ™en,bers after U,e plastic defonnations and ^ia. 
cxpans-ons define a passageway having a s„.s^,, 

61. ™=-*odofclain.60.,vhereinti,efi«ou«dedian,e,erisg,eaterti™the 
second outside diameter. «rmanine 

';^'™'^°'«'ain,60.wherei„plastical,ydefo„„i,,g3„,„,i^,^ 
firs, portion ofthe first tubular member comprises: 

applying a tadial force to U» po«on of ti,e «,b,.ar n,«nber using a conical sleeve. 

63. The method of claim 62. wherein the conical sleeve is fi^gible. 

64. The method of claim 62. whe„i„ the conical sleeve is elastic. 

66. TOe method of claim 60. wherein plastically defonning and «lially expanding ti,e 
fi.stportio„ofti,efi,«fta,ularmembercomprises: "y expanding the 

applying a radial force to ti,e first portion of tite firs, tubular member using an 
inflatable bladder. 
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67. The method of claim 60, wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 

68. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 

69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

71 . The method of claim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

72. (Amended) An apparatus for coupling a first tubular member to a second tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter; 
means for positioning the second tubular member inside the first tubular member in 

overiapping relation to the first portion of the first tubular member; 
means for plastically deforming and radially expanding the second tubular member 

to a third outside diameter; and 
means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 
wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 
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84. An appa^ fa p,^,,^,, ^ ^^^^ ^ ^ 

compnsing: ' 

for providing a lipped portion in a ,»rton of fte ^bular m«nb«; and 
means for piasacaily defonning and mdially expanding another porton of fte 

tubular member. 



SS^Amended) An apparan« for p>asnca.,y defonning and radially expanding a n,bu.ar 
member, comprising: 

a tubular support member including a first fluid passage- 

an expansion member coupled to the tubular supponmemberhavingasecond fluid 
passage fluidicly coupled to the first fluid passage and an outer surface for 
radially expanding and plastically defonning the tubular member 

an annular expansion member launcher comprising: 

a first am^ular portion coupled to a lower portion of the tubular member 

asecond annular portion coupled to the fim annular portion that mates ^th 
the outer surface of the expansion member; 

a third amiular portion coupled to the second annular portion having a first 

outside diameter, and 
a fourth am^ular portion coupled to the third am,ular portion having a 

second outside diameter. 



wherein the second onrsidedian^ettr is less Aanfteflrs, on«ide diameter 



86^ A method of plasdcally defonning and radiaUy expanding a tubular member. 

compnsing: ' 



plastrcally defom,i„g and radially expanding another portion of the tubular 

member. 



87. A method of coupling a fim tubular member to a second tubular member 

compnsmg: * 



providing a lipped portion in a portion of the first tubular 



member; 
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plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped in the first tubular member; 

means for plastically defomiing and radially expanding another portion of the fu-st 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically defomiing and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member wdthin the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. (Amended) An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion member coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer surface for 
radially expanding and plastically deforming the wellbore casing; 

an annular expansion member launcher comprising: 
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a first annular portion coupled to a lower portion of the wellbore casing- 
a second annular portion coupled to the first annular portion that mates with 

the outer surface of the expansion member; 
a third annular portion coupled to the second annular portion having a first 

outside diameter; and 
a fourth annular portion coiqMed to the third annular portion having a 

second outside diameter; 

^"'"*'««>»<i *am«er is les.tf,anU,e firs, ou,sid=dia„,e,er 

91. A method of fomiing a wellbore casing in a wellbore. comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member and 
plastically defom^ing and radially expanding another portion of the tubular 



92. 



93. 



member. 

The method of claim 91, fisher comprising: 

injecting a hardenable fluidic sealing material in an annulus between the mbular 
member and the wellbore. 

The method of claim 92. fiirther comprising: 
curing the fluidic sealing material. 



94. (A^e^ied) A „e*od of fonning a n,o„o^ia.«« «.lbo,c casing wiflun a welibore 

compnsmg: ' 

-u;;z;crt:.-^ a f- tubuJnr .-.cn-,bc.- v.ithi.- the v.-c;;borc: 
providing a lipped portion in a portion of the first tubular member 
plastically defonning and radially expanding another portion of thi fi:.t tubular 
member; 

positioning the second mbular member inside fte firs, tubular member in 

"^"'Pl'-SxWon to the lipped portion ofthe firs, nebular member, and 
Plas«ca»y defonning and «dially expanding tl,e second tubular member; 
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wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 



95. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 

98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. (Amended) An apparatus for forming a mono-diameter wellbore casing within a 
wellbore, comprising: 

means for providing a lipped in the first tubular member; 

means for plastically deforming and radially expanding another portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overiapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passageway having a substantially constant cross 
sectional area. 

100. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. 
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1 04. An appa^us fo. plasScally defonning and «,My expanding a tt,bnlar n,«„ber 

compnsmg: ' 

means for plastically defonning and radially expa^iing a end of fte tubular n,ember 

and 

means for plastically defonntog and ^liallyexpandingasecond end of a,e..bular 
member. 

105. The apparatus of claim 104, fiiither comprising: 

means for anchoring the tubular member during the radial expansion. 

1 06. (Amended) An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first passage; 
an expansion member coupled to the tubular support member having a second passage 

flu.d,cly coupled to the first passage and an outer surface for radially expanding and 
plastically deforming the tubular member; 

an annular expansion member lam,cher movably coupled to a,e outer surfece of the 
expansion member and coupled to an end of the nibular member 
a she* coupled to anofl«r end of the annular expansion member tauncher having a 
valveable fluid passage; and 

anofter annular expansion member comprising an outer surface for ^dially expanding and 
P^tically defo^ing the tubular member movably coupled to the .bular support member 
wherein the annular expansion members are positioned in opposite orientations. 

107. (Ame«led)TT,e apparatus Of claiml06.whe™„ the annular expansion member is 
adapted to plastically defonn and .dially expand a first end of the tubular member and 



.1 ; 



second end of the tubular member. 

108. (Amended) The apparatus of claim 106. further comprising- 

an anchoring member coupled to the tubular support member adapted to hold the tubular 
member. ^ 



►DOCID: <WO 02053867A3_IA> 



101 

AMENDED SHEET (ARTICLE 19) 



wo 02/053867 PCT/US02/00093 

means for positioning the second tubular member inside the first tubular member in an 
overlapping relationship; 

means for plastically deforming and radially expanding the end of the second tubular 

member that overlaps v/ith the first tubular member; 
means for plastically deforming and radially expanding the remaining portion of the 

second tubular member 

1 1 7. The apparatus of claim 1 1 6, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member, 

118. The apparatus of claim 1 1 7, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

119. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first end of the tubular 
member; and 

means for plastically deforming and radially expanding a second end of the tubular 
member. 

120. The apparatus of claim 1 19, fiirther comprising: 

means for anchoring the tubular member during the radial expansion. 

121 . The apparatus of claim 1 1 9, ftirther comprising: 

means for injecting a hardenable fluidic sealing material into an annulus between 
the tubular member and the wellbore. 

122. (Amended) An apparatus for forming a wellbore casing within a wellbore, 
comprising: 

a tubular support member including a first passage; 
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an expanaon member coupled ,o fte mbular supper, member having a second 
passage fluidicly coupled ,o the firs, passage a«l an ouler surface for 
radially expanding and plastically deforming fte wellbore casing- 
an annular expansion member launcher movably coupled U. tt^ outer su^ of fte 

expansion member and coupled to an end of fte wellbore casing- 
a shoe coupled to another end of 4e annular expansion member launcher having a 

valveable fluid passage; and 
another annular expansion member movably coupled to the tubular support 

member comprising an outer surface for radially expanding and plastically 
deforming the wellbore casing; 
wherem the annular expansion members are positioned in opposite orientations. 

^^O^ended,Tl,eappa«.us of Claim .22. wherein the annular expansion memberis 
to plastically deform and radially expand a first end of the weUbore casing and 
the other annular expansion member is adapted to plastically defonn and radially expand a 
second end oftiie wellbore casing. y expand a 

12.. (Amended) Tie apparatus of Claim 122. fl«her comprising: an anchoring member 
coupled to the ti,bular support member adapted to hold ti,e wellbote casing. 

125. A methyl of forming a weUbote casing within a wellbore, comprising- 

piasticaUy deflating and radially expanding a firs, end of the Mbular member, and 
Piasticall, deformfag and radially expanding a second end of the tubular member. 

.26. TTe method of Claim ' 25. furtl^r comprising: anchoring ti« tubular member 

during the radial expansion. 

.27. TT^emetiiod of claim >25,whe«in the first end ofti.e tubular member is plastically 
defomied and radially expanded before the second end. 

^'ofth?ti,r„r°'r"'''-''^^'^'^°™'"^™''-'-'^-^-^^"«''--"^ 

^ of ^ ti^bul^member comprises injecting a fiuidic materia im„ ^ ^^^^ 
129. Themefl»dofclaiml25.fimhercomprising: 
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144. (Amended) A method of coupling a first tubular member to a second tubular member, 
the first tubular member having an original outside diameter OD^ and an original wall 
thickness t^^, comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a fu^st outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passageway having a substantially constant cross 
sectional area; and 

wherein the ratio of the original outside diameter ODq of the first tubular member 
to the original wall thickness t© of the first tubular member is greater than or 
equal to 16. 

145. (Amended) A method of forming a mono-diameter wellbore casing, comprising: 
positioning a first tubular member within a wellbore, the first tubular member 

having an original outside diameter ODq and an original wall thickness to; 
plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 
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«*e«inU.eflrs. and second .ubuWmembc.. after the plasdcdrfoHnationsairi 

.-d,al expansions define a passageway having a substentiall, consent eross 

sectional area; and 

whe.i„ Ae of U,e original ou«ide diameter OD, of *e fe. mbnlar n,en,ber .o ^ 
ongn,aIwaUd>ickness.,ofa,efi««ularn,emberisg^»r*anore<,ualto.6. 
146. An apparatus, comprising: 

a plasflcally defo^ed and radially expanded .ubula, member bavin, a firs, portion 
havng a firs, outside diameter and a remaining portion having a second 
outside diameter; 

wherein fbc ratio of Ae original outside diameter OD, of the first mbular member 
to *e original wall thickness of U,e firs, «,bular member is g,«,er than or 
equal to 16. 

147. An apparatus, comprising: 

aplasticallydefom,ed and radially expanded firs, tubular member havingaflrs, 
pomon having a first outside diameter and a remaining portion having a 
second outside diameter; and 
a plastically defom>ed and tadially expanded second tubular member coupled to the 

first portion of the first tubular member 
Wherein the ratio of the original outside diamet„ OD. of the firs, mbular member to 
the original waU d^ckness ^, of d« f,rs, mbular member is gr^ter to or 
equal to 16. 

HS I„e apparan. of claim 147. wherein the inside diameters of the first and second 
nibular members are substentiaUy equal. 

149. A wellbore casing formed in a wellbore. comprising- 

.plastically defomred and radially expanded fira tubular member havinga first 
po,«on having a firs, omside diameter and a .^ning portion having a 
second outside diameter; and 

aplasticallydefomted and radially expanded «cond tubular member coupled to the 
first portion of the first tubular member. 
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